!

?
!

Do
(o'0)
Vo
. SMEMORANDUM

=R M-5877-1-PR
NAY 1970

2

A SIMPLIFIED WEAPONS
EVALUATION MODEL

Roger Snow and Margaret Ryan

PREPARED FOR:
UNITED STATES AIR FORCE PROJECT RAND

SANTA MONICA ¢ CALIFORNIA

THIS DOCUMENT HAS BELN APFROVED FOR PUBLIC RELEASE AND SALE; ITS DISTRIBUTION 1S UNLIMITED,

&

3




MEMORANDUM
RM-6877-1-PR
MAY 1970

A SIMPLIFIED WEAPONS
EVALUATION MODEL

Roger Snow and Margarei Ryan

e sy <A AP A

This research is supported by the United States Air Foree under Project RAND--Con-
tract No. F11620.67-C-0015.-monitored hy the Directorate of Operational Requirements
and Development Plans, Deputy Chief of Staff. Research and Development, Hq USAF,
Views or conclusions contained in this study should not he interpreted as representing
the official opinion or policy of Rand or of the United States Air Force.

PN

gy

o -

24 RN D g

0 WA N 3% 4 JENTa wCiN Y foem s - 84




iR ot e

-1ii-

PREFACE

This Memorandum, part of Rand's research on the use of airpower in support
of ground operations, is one of a series of studies concerned with the predic-
tion of damage to a single or multiple targets. Aspects of the target-weapon
relationship, target-weapon errors, and the caverage problem were considered in
RM~4566-PR, FAST-VAL: A Theoretical Approach to Some General Target Coverage
Enchlems, March 1966 (For Official Use Only); the computer program, originally
designed to compute inputs to the Rand FAST-VAL (Forward Alr Strike Evaluation)
simulation model, was described in a companion study, RM=-4567-PR, FAST-VAL: Target
Covercge Mcdel, March 1966 (For Official Use Only),

Frou the point of view of production computations, however, the target cover-
age program had two serious limitations: the length of computer time required to

make th2 computations, and dependence of precision on the size of the integration

cell, which in turn depends on the machine capacity available. To alleviate these
problems, a model was designed that replaced the empirical damage function used
in the general model with a simpler and far leazs time-consuming analytic expression,
The results of this work were described in an interim reference report, RM-5152-PR,
A Simplified Target Coverage Model, November 1967 (For Official Use Only). As these
results have been incorporated in the present study, RM-5152~PR has been withdrawn
and replaced by this Memorandum.
Thé work of simplification continues with the present study, which describes

a model that is sufficiently broad to cover almost all problems that arise in the
field of nonnuclear weapons evaluation and a machine program that is designed to
make coveraye computations for some of the problems considered in RM-4567-PR in a
fraction of the time previously needed. Without materially reducing the accuracy
of the answers, the computer time required for some problems has been reduced by

! as much au a factor of 100,

After continued use of the model at Rand and at the Air Force Armament Labo-

ratory, further refinements to the program to make it more efficient both as to
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time and accuracy were deemed desirable. An improved method for determining the
integration step size was implemented with a considerable increase in performance.
The method of fituing an empirical. bomblet distributior to an analytical distri-
bution used in the program has been changed so that any emoothing necessary in
irregular data is done by the machine rather than by the user, thus avoiding possi-
The process of using a multiple wing station configuratlon was

ble input errors.

also simplified. A direct input is now provided for the numbers of wing stations

and the numbers of weapons per impulse per station.,
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SUMMARY

Two restrictions permit a simplification of the target coverage model and com-
puter program descrited in FAST-VAL: A Theoretical Approach to Some Ceneral Target
Coverage Problems L1} and in FAST-VAL: Targei Coverage Medel [2]. The problems
are restricted to the case of a gaussian aiming error distribution and a rectangu-
lar target area (uniform distribution of the target elements in the area). As a
result it is possible to reduce the coverage computations to two stages, each in-
volving a double integration, in cont.-ast to the three stages required in the
original model. The second restriction concerns both the assumed form of the
damage function and the ballistic error distribution. It is necessary that (1)
the damage function be an analytic function, rather than an empirical function;

(2) the ballistic error distribution be one of three types: gaussian, unifor,

or stick* type; and (3) the damage function b2 integrable in a closed form with re-
spect to the ballistic error distribution. Under these restrictions, the coverage
computations are reduced to a aingle stage, involving only one double integration.
For some cases, it is possible to reduce the problem to a summation of functions

in close: form with no integration necessary.

Two types of damage functions are considered, corresponding to two different
types of weapon-target effects: a fragment-sensitive target, or one in which the
major damage mechanism is due to fragments rather than to a direct impact by the
weapon; and an impact-sensitive target, or one for which there is a definite geo-
metric figure that must be impacted by the weapon. For the fragment-sensitive
target, the empirical function that 1, usually obtained from a ¢omputer program
using fragmentation data is replaced by an analytic functfon, the "gaussian damage
function," fitted through the choice of three parameters. For an impsct-sensitive
target, it is assumed that the target element is ¢ rectangle, and that there 73 a

fixed probability of damage, given a hit on the element., Under these assumptions,

the damage function is exact,

*
Stick distribution is defined in App. B.
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The two types of damage function, the aiming and ballistic error distributions,

e

and the basic coverage relation are considered in turn, and the expected coverage

Sy cfo ity £ 03

K(X,Y) is expressed as one dcubis !-<itegration in terms of the damage function and

the various formg of the aiaing and ballistic error distribution. For various

coverage problems that cccur in practice, an explicit expression for the coverage

A is derived in terms of the pertinent parameters. The set of formulas developed

3 for the coverage functiom provides an answer to the weapon-~target effectiveness

g problem that corresponds to most of the current weapon delivery systems.

The FORTRAN program computes numerical answers for each of the target coverage

problems. The output of the program is the particular value of X depending on the

i parametars considered, such as aiming errors ballistic errors, spacing, and weapon-

) target effectiveness indices.,
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1. INTRODUCTION

A number of general target coverage problems were considered in FAST-VAL: A
Theoretical Approach [1). The companion report, FAST-VAL: Target Coverage Model
(2] presents a machine program designed to make coverage computations for some of
the problems formulated in Ref. 1. However, from the point of view of production
computations, the target coverage program described in Ref. 1 and Ref. 2 suffers
from two serious drawbacks: lengthy computation time and dependence of precision
on integration step cell size. In some cases a single problem may require 20 min-
utes of computer time, and the cell size used is usually limited by the memory
capacity of the machine as well as the time element in computation. To alleviate
these problems, a model was designed that replaced the empirical damage funcijon
used Iin the general model with a simpler and far less time-consuming analytic ex-
pression, The results of this work are described in Ref. 3, A Simplified Ta.get
Coverage Model, and have been incorporated in the present study.*

Continuing the work of simplification, the present stirdy describes a machine
program designed to make coverage computations for some of the problems considered
in Ref. 2 in a fraction of the time previously needed. The program in Ref. 2 ac-
complishes the coverage computations in three stages, each involving a double in-
tegration., In contrast, this study restricts the problems to the case of a gaussian
aiming error distribution and a rectangular target area (uniform distribution of
the target elements in the area). As a result, it is possible to reduce the cover-
age computations to twn stages, each involving a double integration. For most
problems, these restrictions are acceptable, and assumptions of = gaussian aiming
error distribution and of a rectangular target area are usually valid. The second
simplification in this study concerns both the assumed foim of the damage function
and the ballistic error distribution. It is necessary that (1) the damage function

be an analytic function, rather than an empirfcai function; (2) the ballistic error

rm— ———r o e

"Reference 3 will be withdrawn and replaced by this Memorandum.
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distribution be ome Laree,types: gaussisn, uniform, or stick type; and (3) the
damage function be integrable in closad form with respect to the ballistic error
distribution, Under these restrictions, the coversge vomputatione are reduced to
a single stage, involving only one double integretion. For some cases it is pos-
sible to recucz the problem to a summation of functions in closed form with no
integration necessary.

Two types of damage functions are considered, corresponding to two different
types of weapbn—tdrget effects: a fragment-sensitive target and an impact-sensitive
target. For the iragment-sensitive target, the damage function used in the program
in Ref. 2 is an empirical function that is usually obtained from a computer pro-
gram using the fragmentation data (size, velocity, and distribution of fragments)
from arena tests. The simplification used here is to replace this matrix function
with an analytic function, the '"gauss’«t demage function" [1], fitted through the
choice of three parameters. The form of this function fits most of the empirical
nonnuclear weapon-effects tables very well, The use of this function i3 not new.
it has been used in work at Sendia Cerporation, where it is called the "casualty
function,” A Ballistic Regearch Laboratories report [4] considered the function
for the special case of an elliptical target. Current work both at the Strategic
Air Command and the Naval Weapons Laboratory has involved use of this function,

It also occurs naturally as an approximation to the circular coverage function,
where it has been referred to as the "Carleton" approxima:ion. In other uses, it
has beeu called the "Carleton" function,

For an impact-sensitive target, i.e., one for which there is a definite geo-
metric figure that must be impacted by the weapon, it is assumed that the target
element is a rectangle, and that there iz a fixed probability of damage, given a
hit on the element. Under these assumptions, the damage function is exact, i.e.,
the same as would be used in the program of Ref., 2.

Section 2, "Basic Functions,”

considers in turn the two types of damage func-
tions, thz aiming and ballistic errcr distributious to be used and the basic cover-

age relation, which expresses the expected coverage K(X,Y) as one double integration
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in terms of the damage function and the various forms of the aiming and ballistic
error distributions.

Sections 3 and 4 consider various coverzge problems that occur in practice.
For each of these, there is derived 1n explicit expression for the coverage XK(X,Y)
in terms of the pertinent parameters. Section 3 examines the ripple delivery of
weapons with gaussian disftribution of both the ballistic and aiming errors (air
delivered bombs). Included is one case of an elliptical target area for a fragment-
sensitive target, since the metiiods used here are applicable to this case. Various
types of dispenser delivery of weapons are considered in Sec. 4. Section 4.1 dis~-
cugses deliveries for fixed dispensers such as the SUU-7 and SUU-14 (CsU-1, 2, 3,
7, etc.). For these cases, the ballistic distribution in range is usually avail-
abie as a table obtained from test data and is fed into the model of Ref. ? in
this foim. For uge i{n the model in this Memorandum, this empirical distribution
is fitted by a stick distribution through the use of two parameters. Section 4.2
considers the case of a ripple of dispensers, released from the carrier, each of
which spreads its subweapons uniformly over a rectangular pattern (Hayes dispenser).
A ripple of dispensers, released from the carrier, each of which gpraads its sub-
weapons uniformly over an ellipse (Rock-eye), is described in Sec. 4.3. Section
4,4 examines the same case for cispensers that spread their subweapons uniformly
over an elliptical annulus (self-dispersing subweapons, such as the CBU-24),

Sections 3 and 4 thus derive a set of formulas for the coverage function
K(X,Y) that provide the answer to the weapon-target effectiveness problem corre-
sponding to most of the current weapon delivery systems, Section 5 éescribea a
machine program that computes numerical answers for each of these problems., The
output of the wmachine program is the particular value of K depending on the param-
eters considered (aiming errors, ballistic errors, spacing, weapon-target effec-
tiveness indices, etc.) and is designated by X(j), where j is an index that desig-
nates the particular type of problem: X(1), X(11), X(5), and X(15) are answers

to the problems considered in Sec. 3, air-delivered bombs; X(2), X(12), X(3),




b=

X(13), X(4), and X(14) are answers to the problems in Sec. 4.1, deliveries from
fixed dispensers; X(103), X(104), X(105), and X(106) are answers to problems in
Sec. 4.2, dispensers with a uniform pattern over a rectangle; X(107), X(108). and
X(109) are answers to problems in Sec. 4.3, dispensers with a uniform pattern over
an ellipse; X(100), X(101), X(102), X(110), X(111), and X(112) are answers to prob-
lems considered in Sec. 4.4, dispensers with a uniform pattern over an annulus.
Each pertinent formula in Secs. 3 and 4 is designated by the proper X designation
to correlate it with the corresponding computer output,

Section 5, a description of the machine program, was planned for the person
interested only in running the program and can be used without necessarily refer-
ring to the previous sections. Thus, some description of the various problems

considered in Secs. 3 and 4 is repeated.
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2, BASIC FUNCTIONS

2.1. DAMAGE FUNCTIONS

We will be concerned with two types of damage functions, depending on the
weapon-target damage mechanism: (1) a fragment-sensitive target and (2) an impact-
sensitive target with a defined area in which a hit is necessary for damage, i.e.,

the probability of damage if hit, Pgy» ™ay be less than l.

2.1.1, Fragument-gengitive Gaussian Dsmage Functicn

As the name implies, a fragment-sensitive weapon-target case is one in which
the major damage mechanism is due to fragments rather than to a direct impact by
the weapon. In general, the damage function will be computed in matrix form. We

will assume the form of the damage function to be

(2.1) D(zy)=Dq eap(-Do[ 2 +JL?--]),
R2(1) R2(2)

where D(x,y) is the probability that a target element at (x,y) is "killed" (damaged

at least to a specified degree), and R(1), R(2), and Dy are parameters to be ob~
tained from empirical data.
In Ref, 1, Sec. 1,6.,3, certain parameters are discussed that may be used to

characterize a damage function. The weapon radius R is defined as

g [ Dloa)dmdy,
-l el b
Using (2.1), we find that
(2.2) R2=R(1)R(2).

Along any ray 6, the mean square radial damage distance ;Eke) is, 1f (2.1) is used,
—— [ ]
(2.3) 72(8)=2[ rD(r cosd,r sing)dr
: 0

1

W gy

X2(e) '
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where

2 {n?
X2 (0)=S08 B,8in Q.

R2(1) R?(2)

Letting p=0° and 0=90°, we find that

32(1)=I 22D (x,0)dx=r? (0°),
[+

(2.4)
Rz(z)=j 2yD(0,y)dy=r? (90°).
0
Thus, R(1) and R(2) in (2.1) are simply the mean square radial damage distances

along the & and y axes, respectively.

Considering the mean radial damage distance 7#(0) and using (2.1), we obtain

(2.5) F(e)sj D(» coeb,r sing)dr
0

400
WI{ON
The relative damage variance £2(0) is
£ 2
22(0)_1”[1@)] -1-D°7':-,
r2(e)

(2.6)
Dy J4L1-12(0)]

n

Thus, we can view the three parameters in (2.1) as the triplet [R(1},8(2),I],
where R(1) and R(2) are the mean square radial distances along the x and y axes,
and 2 is the relative damage variance. Instead of R(1) and R{2), we can use R

and p, considering the triplet (f,0,L), where
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rr2x2

R(1)
P R

(1
(2)°

T

The parameter R {s the weapon radius as in (2.2). Th- function D is an elliptic
damage function in that constant probability contours are all ellipses with the

: same eccentricity, V1-R2(1)/R%(2). 'The parameter p thus characterizes the eccen-

U N T LTIy v e e 2

tricity of the ellipses, i.e., the eccentricity is equal to V1-p2., The parameter

I characrerizes the spread or dispersion of the damage function.

P P P

2.1.2. Impact-sensitive Damage Function

[

We define an impact-gensitive target to be one for which there is a definite
geometric tigure that must be impacted by the weapon or subweapon; i.e., there is a

P ks the probability of damage 1f hit, that may be less than 1, In general, we will

T O

use a rectangle of half dimensions D(l) and B(2). The damage function D is thus

(2.8) D(z,y)=p g (x,B(1))a(y,B(2)),

.

where a(x,B) is the coockie-cutter function

(2.9) a(x,B)=1 {f -BszsB

=) otherwise.

We will consider x to be the range direction and y to be the deflection direction,

:E in this study, odd subscripts will refer to dimensicns in the x direction and even
i

2. subscripts to dimensions in the y direction.

-t 2,2,  DELIVERY ERRORS

b

5 In general, we shall consider the cas¢ of multiple delivery of weapons. Each
't

¥ weapon s assumed to be subject to a ballistic error in range and deflection, ex-

> E pressed by a distributfon function T(x,y), independent of the other weapons. The
4

whole delivery is considered to be subject tc aiming errors in range and deflection,

%; + expressed by another distribution function,




-8-

2.2.1. Aiming Error Distributions

We shall confine our attention to the case of the aiming ervor distribution

having the form of a noncorrelated bivariate gaussian, i.e.,

mz 4_ \ dxdy 1]
21) t2(2):'2“‘“)“°)

(2.10) Prob(xsx,ys.Y)j‘ J’ exp(--l-
t

where (1) and £(2) are the standard deviations in the x and y directions, respec-
tively. For convenience, we define the linear gaussian distribution G(X) and its

density function g(X)=G'(X) as follows:

G(x)= rxg(z)dx-J‘ exp(._)df__

(2.11)

=exg(—x2/2).
g(x) Wi

Thus, Eq. (2.10) can be written as

(2.12) Prob (z=X, y‘””"(t(x)) (t(z))

If we wish to use REP (range probable error) and DEP (deflection probable error),

the relations between them and the standard deviations are

Lot S S AN )

REP=.67448(1),
(2.13)

AT LR IN AL

DEP=,6744¢£(2).
Further, if t(i)=£(2)=¢, CEP (circular probable error) is given by
(2.14) CEP=1,1774t=1,7459REP.

2.2.2. Ballistic Error Distributions

We shall assume that the ballistic errcrs are independent in the x and y

directions. Therefore, the ballistic error distribution T(X,Y) iw of the form

T(X,Y)=T1(X)T2(Y). We shall consider three types of linear ballistic error dis~

ANREL AR R

AN ARRTIT BTN
v e K

tributions: gaussian, uniform, and stick.

4
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a. Caussian Ballisiic Error. As for the aiming error, we assume for the

first ballistic error a linear gaussian error distribution, i.e.,

X
X (1 _x? dax
Tl(x""(a(l)) i exp( 2 32(1))/2‘{3(1)’
(2.15)

If the errors are gaussian in both directisns, we have

(2. 16) T(x,r)-a(;*(—]-)-)d(ﬁ).

b, Uniform Ballistic Error. For the second ballistic error, we assume a

uniform distribution, 1.e.,'

X
12.17) el a(z, 1)L,
L

where afx,L} is defined in (2.9). A similar expression holds in the y direction.

¢, Stick Ballistic Error. A third type of ballistic error is the so-called

stick type, which is a combination of a uniform and a gaussian distribution, dis~

cussed in App. B. As given in (B4), we have

(2.18) T, (X)-H(§,§)=J‘:h(§.§)%‘-.

whera

X
;z(x,L>=j‘ h(z,L)dz,

(2.19)
1 L
h(x,L)uEI glaty)dy.
~-L

If Lemma 3 in App. D is used, the functfon H(X,L) can be evaluated, for Lz0, as

{2.20) H(X,L)=(X+L)G(X+L)~(X-L)G(X-L)+g(X+L)-g(X-L),

where G({) and g(%) are defined in (2.11).
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We note the following limits for h and H:

Lim h(xz/a,L/8)_g(x/8)
8 ]

1]
umh(x/’*l‘/s)-“(;%[‘) ,
g+ °
(2,21)
XL X
limi\=,= =G
teilE Dol

limH( )I -"-‘-(—-"’-'id:c.

2.3,  THE BASIC COVERAGE RELATIONS

Define X(X,Y) as the fractional coverage to a target area with center at (Y,Y)
inflicted by a pattern of weapons subject to a guussian aiming error with standard
deviations t(1) and £(2). The pattern damage function Dp(u,v) is the kill prob-
ability to a target element at (u,v) if the center of the pattern is at (0,0).

The function Dp(u,v) depends on the specific problem and wZll be determined for
each case,

Def ine Kb(u,v) as the point target kill probability to a target element at

(u,v) if the aiming point is at (0,0). We obtain

)9(t(2>)ﬁcll%%7

The fractional coverage K(X,Y) for a target area A is thus

(2.22) K ()= j’ I D,

(2.23) KX, )= JAJ"K (x, u)d"d"

4 \dadydudy_
J | -.,,D u-z,v-y )g(t?l))g( ap >)t<m'22‘>’4

Consider a rectangular area of dimensions |24(1),24(2)}. Using (2.23), we

obtain
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X+4(1) Y+A(2)

(2.24) K(X’Y)'J‘X-A(I)I A'z)J‘_J_mD ("‘-x’v"y)g( (1)) (t(Z))"t(%%%gﬁ?”“”'

Tnrough appropriate changes in variable and reversing the order of integratiom,

wve obtain

[244 (1) 1/t(1)
(u)du

@ 00 1
Yo D ﬁx’ +¥)| 57013
(2.25) K(X,T) j_wLJ ¥ )[M“)Xlx-m)}/t(l)g

[ 1 j.[ym(z)]/t(z)

24(2)

g(v)dv]dxdy.
[y-4(2)1/t(2)

Using the definition of A(x,L) from (2.19) in (2.25), we get

. x__ AQl) A(2)\__dxdy
(2.26) "(x’””‘I_wf_w”p‘”*x'y”)h(t(l) ’t(l))h(t(Z) t(Z)) EDED"

If Dp(x,y) can be expressed without integrals, we have thus reduced the problem

of obiaining X to a double integration. An alternate form for X used in the nu-

merical procedure is

(2.27) (X, 1) _[ ‘[ D [xt(1)+X.gt(2)+Y]h( *%%')h(y.%g—g—)-)dxdy.

For a gaussian target, i.e., one whose location (u,v) is subject to a gaus-
sian distribution with variances t2(3) and t2(4) and ceater at (X,Y), the prob~

ability of kill X(X,Y) is

(2.28) | KX, y".[ I Ko (s v)g(tm) (ZZZ))tigﬁ?a)'

where Kb(u.v) is given in (2.22), Substituting Eq. (2.22) in (2.28) and using

Lemma 1 in App. I, we obtain
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. dedy -
(2.29) KX, ¥)= ,[_J D ‘””"9”)9(13(5)) (t(b))t(s)ﬂ??)'j
where
£2(5)=t2(1)+t2(3),
(2.30)
£2(6)=t2(2)+t2(4).
Now from (2.21), we get
h(xe/t(5),0) g(:c/tgs)
t(5) t(5)
(2.31)
hiy/t(6),0) 2$x/2(6)) ‘
t(6) t(6) °
Thus we can put X in (2.29) in the form '
(2.32) K(X, )= f D (2+X +Y)h( ) ( 4, o) ded
. 24 £(5) )\ Jt(5)E(6)

When we compare this equation with Eq. (2.26), we see that the probiem is equiva-
lent to that of a point target with the aiming error variances egual to the sum

of the actual aiming error variances and the target location variances.
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3. RIPPLE DELIVERY WITH GCAUSSIAN DELIVERY ERRORS

3.1, RECTANGULAR TARGET AREA: FRAGMENT-SENSITIVE TARGET

Let us consider first a single weapon against a target element at (u,v) sub-
ject to ballistic errors according to a gaussian distribution with standara devi-
ations 8(1l) and 8(2). 1If the ballistic center of impact is at (0,0), the kill

probability Db(u,v) is given by

o0 o] [ s ol

where D(z,y) 1s the damage function in (2.1). Substituting for D from (2.1) and

integrating, using Lemmz 1 of App. D, we obtain

JRWRD) [ 1 [ ? [.éL.]Z )
(3.2) Dp(:0) =501 g (2) ©XP 2{ q<1)] e } ’

where

:C1¢Y)
q? (=55 =4a2 (1),

R2(2
q%(2)= 2Igo)+82(2)-

Consider the delivery of N(l) weapons against a target element at (u,v).
Each weapon is subject to ballistic errors as above. The N(l) weapons will be
delivered in & ripple mode. Examine first a zero aiming error. Then the ith
weapon will have a center of impact (CI) at (ci,ni). The array of Cl's form the
ripple pattern., We will use the center of gravity of the pattern as éhe pattern

reference point; i.e., if the reference point is at (z,y), thea

Ngl) N(1)

(3.3) LT rIny £ Y=y N.e

”(l)i.1 1! I‘l(l)?:“l 1

We will measure ai and bi from the reference point, {i.e.,
ai"Ei"x. ,
bi‘ni-y .
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Thus, we obtain

N%l)a‘-h’(\)

(3.4) bi-O.

i=] i=1
Consider the pattern reference point at (z.y¥) and a single weapon subject

only to ballistic error, The center of impact of the ith weapon is thus at

(m+ai.y+bi). Let p be the weapon reliabiiity factor, i.e., the probability of

the weapon working properly, If the center of the pattern is at (0,0), the kill

probability Dp(u,v) due to the pattern is given by

ND
(3.5) %mmhbn'mw%Wmvw%H,

Tl

where Db is given by (4.2). Explicitly, we have

2 2
N u- a v-b,
DT brayR2) )[ i
(3.6) D, (u,v)=1- 1 [‘ 2q(Dq(2y P2 g *a@ ] {/|
’l:’l

~

Using this expression for Jb in (2.27), we obtain the coverage X(X,Y):

Sl [ 0] SR %[:ct:(l)+x-ai 2
o7 ”"‘"’“I_J_w{‘“ 1 5058 oo (s

1m]

£(2)+¥-b 2
0 e A Ao

Equaticn (3.7) is the basis for obtaining X(11) in the machine computation pcogram
discussed in Sec. 5.

Expanding the product in (3.6), we obtain Dp as a sum, which, when substituted
in (2.24), gives an alternate expression for £(X,Y) that can be integrated term by

term. Thus, after expansion, we have




g -15-
: L) kK H(D-kF1 N()-ke2  N(1)
; (3.8)  K(X,1)= | (-1)"“‘[,”83""8;] )
' kie1 ~att)q i1=1 ipip ipei, 41
XeA(L) o X (“‘“ij“”)z £\ dudp  (PE(D o
N f exp\- | g(t(l)/zt(l)A(l) f
YX-A(1) Y- J=1 2q2(1) Y-B(1)*~w
g (b, -y)? .
‘, o - Yl M\ _aydy
P j_X, 242(2) E@)=die
% Using Lemma 5 in Apo. D to evalvate the inner integrals in (3.8), we obtain
§
(3.9) KX r)-N§l)(-1)"“[L——-——”“’R‘2’]k[1——3————-(” ) ]
: ' I 2¢Mq@)] kD)
(N(l)) )
ch X+A(1) ([u-&(il,iz,...,tk)lz)d‘
x exp|- LYTaRY
X-A(1) 2Q2(1) 24(1)

J,M(z) ([v-E(il,iz,...,ik)]z\ du
X ex'\
r-A2) 22(2) JAM

( k[?(il,iz,...,ik)-az(il,iz....,ik> ])
X exp -

2q2(1)
i — 2
' k[bz(il.ig....,ik)-ﬁ (£1,82,000,8p)]
d X exp - N 1Y
; 2q2(2)
;
where
: — k k
g ai(il.iz’.”’i )-l Za% , a(‘il,iz,...,i )-LZa. ’
; Y3 ; %‘ ) 5 1 ’Z‘
4 (il‘-iZ"“)i ) b' ) (ilyizgo-'-,i ) b' ’
E ) k ’Ej-z zj k Tj-l 1.7’
it
g
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{3.10) q4(i)= R (l)+32(1),

R (2)

q%2)= +e2<2).

Q¥(1)=1- (1)+~1._u - (e “)"Z”o+s-(1)’

N ? ; 5
Q2(2)=+- (2)+4 £2)=1;(2)+H (2)/i00+b (2)’

(D) A
KTR(D-A1T

(N(l)>

k N(l)z-ku N(1)-k+2 Ng_l)

= . L .
11=1  fo=71+1 ik-ik_l+1

(%)
k (N(15
The sem % is the sum over the \ k combinations of the N(l) integers

1,2,3,...,N8(1) taken k at a time.

1f we have a point target, i.e., A(1)=A4(2)=0, Eq. (3.9) for K becomes

N

k
- _1yk-1eR(DR2)T T _g(1)g(2)
(3.11)  K(X,1) kzh (-1 [2q(l)q(2)] [kq(l)q(z)]

() z
_3)2 _3)2 2. =2 2.5

7 exp(-UD2 e (U BI2\ qp( -4 (82T o LHsbZED) .
2Q<(1) 2Q2(2) 2q%(1) \ 2q2(2)

In the special case of attb ,=0, i.e., salvo fire against a point target, the

()

-

N!l)) ,
sum I in (3.11) is simply ( since a2 _z-bzﬂb =0, Thus, we obtain

gy el (NN [RRMRT T gD 20}, 12 y?
(.12) K@*,D=} D (s )[Zq(l)q(zT] [kQ(I)Q( 7)) &% ( )e""<""f"“>'

=1 ZQ?(l)
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For an area target, if the definition of h{x,L) given in (2.19) is used, Eq.

(3.9) for K becomes

MO - k-1[prayre2) [2nfq g
(3.13) K(X,¥)= El -1 [zqmq(z) Eemed

(11;(< 1))

X-a_ A\, (Y-b_ A2)
1 "(Q(x)'on))"(etz)'a(z))

klaZ(iy,30,... ,ik)-'dz(i;,iz, cenrip)]
X exp
2¢°(1)

-5 -2
ksz(il,iz,...,ik)-b (2148200 0008p) ]
X exp 2q2(2) 3

where *he symbols are defined in (3.10).

In the special case of saivo fire, i.e.; ai-bi-o, the expression for K(X,Y)

in (3.13) simplifies to

M1 eervanlprr@) Fon \
e 3 ey pr(WR@) |“2efqgg@ ], { ¥ aw\. (¥ 4@
(.14 XD k,{.; b (k )[2q(1)q<2)] 75'[0(1)0(2) e e \eDe )"

Equations (3.13) and (3.14) form the basis for cbtaining X(1) in the machine pro-
gram. Thus, X(1) and X(11) are equivalent expressions in which different compu-

tation techniques are used,

3.2.  RECTANGULAR TARGET AREA: IMPACT-SENSITIVE TARGET

Consider a single weapon subject only to ballistic errors. Substituting
the impact damage function D from (2.8) in the expression for Db in (3.1), we ob~-

tain for Db(u,v) the equation

u+B(1) v+B(2)
Ve x Y dzdy
(3.13) Op s pd’Ju—B(l) L,_B(z)g(sm)g(s(z>)a<1).s<z)'




1f we define f(z,y) as .
(3.16) f(z,y)vG(aby)-G(x-y),

Db from (3.15) becomes

3 u__ BQ1 v_ B(2
(3.17) Db(u,v)-pdkf(a-l—)-'?%r)l)f(:rz_)..ﬁ.i}).

Proceeding exactly as in the preceding section on a fragment-sensitive target

for a ripple of N(1) weapons, we obtain an expression ror L%(u.v) corresponding

to (3.5):
N(1)

(3.18) Dp(u,v)-l- ﬂ (1-p' Dy (u-a;,v-b,)],
i=1

where Db is given in (3.17) and

(3.19) P *PPgy s

i.e., p’ 1s the product of the reliability factor for the weapon and the probability

of damage 1f hit, Using (3.17) in (3.18) and substituting in (2,27), we obtain for

K(X,Y)

EE AR ey TRNEY

> ©\ N¥D zt (1)+X-a, yt(2)+Y-b,
G20 xiwn=] §l'ﬂ [l"p'f( ) ‘fﬁii)f( 6y ’.ig;)]

‘-O’ - OO

3K
i
3
3
*
-
~~
()
rn

or obtaining X(15) in the machine program.

Expanding the product in (3.20), we obtain an alternate expression for X, i.e.,

.
»
4
4
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Wty (”'1)) k()4 ka, \

ke 1 7 B(1) A(l)
3.21 Kx’ - _1 > h »
(3.21)  KX,D k_21< ) J[[lf\ a(1) s<1>/( tm)

- yt(2)+Y—b 52) 4D
J 2 2
"-[_.,ﬂf e (e ).
J=1

We note that we have a sum of products involving only a single integration rather

than a double integration as in (3.20). For the salvo case, we obtain from (3.21)

(3.22) K(X,1= %1)( % (N(l))

® k(zt(1)+X B(1) A1) yt(2)+Y B(2) A(2)
"f_fk( s (D) 'su)) (“’ta))“”.[ fk( 16 ’s(2)>h(y’t(2)>dy°

Equations (3,21} and (3,22} form the basis for obtaining X(5) in the machine pro-
gram. Again X(5) and X(15) are equivalent expressions for X, but differ in the

method of computation.

3.3. ELLIPTICAL TARGET AREA: FRAGMENT-SENSITIVE TARGET

Consider an elliptical target area with axes A(3) and A(4) in the & and y
directions. The fraction coverage K(X,Y) for this target area is given by (2.23).

Specifically, we have

3.2 K(X’Y)'L”lffp‘“‘x »-0o(Feny)e (Fom)rectss i oy

where 4 is defined by

u-¥ % {v-y |2
et ]t

For a fragment-scnsitive target, the puitcrn damage function D (u,q) is given by

Eq. (3.6), the same as was used in Sec. 3.!. Expanding the roducc in (3,6),




?
B

=20~

substituting in (3,3), and integrating as in Eq. (3.9), we obtain an expression

for X that is similar to (3.9):

n)

N(1) ~ X k - .2 —_—2
k-1{prROR) | [ _g1)q(2) k(a?-7%) k(b?-5 )
K(X,Y)= -1 - X ACET DAY
£, kzl -1 _?q(l)q(Z)] [kQ(l)Q(Z)] ) e“p( 222(1) ) exp( 242(2)

(3.24)

g

_ 1) u-z ]2, [v-5 |2\ __dudv
“ e*P\"7 bQ(l)] *[_0(2)] }/nA(3)A(4)'

where A is given in (3.23) and the other symbols are as defined in (3.10).

Consider the integral expression I2 in (3.24); i.e.,

12 e=B |20} __dudv
(3.25) Ip= .!;.[ exp({[‘?(l)‘] +[Q(2)] }) n14(3)A(4)
220(1)Q(2)
TAYAG)Y “.[ e"P(--(t¢2+v2)) ]

where

o M= -2 1/Q(1) )2, ([v-(¥-5) 1/Q(2)}2 |
[4(3)/Q(1) )2 [4(4)/Q(2)12

Define the offset ellipse function P(4,Bjx,y) as the integral of a gaussian dis-
tribution of unlt standard deviation over an offset ellipse, center at (x,y), with

axes A and B in the x and y directions, respectively; i.e.,
(3.26) P(A ’B;x’y)gj‘[ exp(—-%(c%n?)) dc;in’
cC

where

Y2 (nep)2
CZ:(C x) +(R y) 1.
A? B2
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Thus, the integral I, in (3.25) becomes

29(1)Q(2) ,{A(3) A(4) X-& ¥-b
a2 A(3)A(4)} Q(l)’Q(Z)’Q(l)’Q(Z))'

Substituting in (3.24), we obtain the expression for K(X,Y):

(1) [ aq@2
. k-1| pR(1)R(2) 1)g(2)
(3.2/) K(X,Y)-kg‘ -1 [2q(1)q(2)] [M(3)A(6>}
N(1)
(")

x ] exp -’ﬁ[az-azlbz-b] fA(3) AC4) ¥-_ ¥-b
M ’ ’ ’ ’
2 q2q1y q%(2) ) \9(D’Q(2)’°Q(1)*Q12)

where P(4,B;X,Y) is defined in (3.26). Tables of the offset ellipse function are

available in the open literature.

In (3.26), if A=B=R, {,e., if the ellipse becomes a circle, the offset ellipse

function becomes the offset circle function, i.e.,

P(R,R;x,y)=P(R,/z24y?),

where P(R,r) is defined as

(3.28) P(R,r)= (x-r)a (y) ’
'szzsnzg a(y)dzdy

g Lop2,n2
o[ = exp(-3@24r2)) 1, (raaz,

vhere Io(z) is the zero-order Bessel function of the first kind with imaginary

crgument,

Consider the special case

Q(1)=Q(2) and A(3)=A(4),

i.e., the target is a circle of radius A4(3).
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14)) k
k-1[pRORE) q(lmz)]
(3.29) . K(X,Y)= (-1)
kgl [2‘7(”‘7(2)] [M(3)2

N(1)
X< ’f ) ex _E. az_a.24'5'5_’52 P A(3) /(x.a)z.,_(y_'g)z
V22 2 |f @D @D ,

where P(R,r) is defined in (3.28). For the salvo case, this expreseion reduces to

i N(1) 1k
3 k= O\ [er (VR T [q(Dg ()] [a3) Vx2ey?
20 KD kil v (k >[24<1>q<2>J [u<3>2JP(0<1>’ @)
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4. DISPENSER-TYPE DELIVERIES AGAINST RECTANGULAR TARGET AREAS

Let us consider a dispenser-type delivery. This type includes both the mass
. delivery of a number of weapons and the delivery of a sequence of weapong at timed
f intervals. The latter type is similar to the ripple delivery of the previous sec-
tion except that the ballistic dispersion of the individual weapon is not neces-

sarily gaussian, and the number delivered may be much larger than in the case of

Sec. 3.

FEMPPAC I ST PP ST

The dispensers themselves may stay with the delivery vehicle (no ballistic

e

errors for the dispenser) or may be released in the ripple mode and thus be sub-

pwerd

e

ject to dispenser ballistic errors. In either case, the subweapons are distributed

according to some type of pattern distribution. In addition to the ballistic dis-
tributions of Sec. 3, we will also consider cases in which the subweapons are uni-

formly distributed over a pattern (rectangle, ellipse, annulus). We will view

ot e et £ e e st S

these pattern distributions as ballistic error distributions for the individual
subweapons. Thus, we have cases where there are two ballistic erxror distributions,
one for the dispenser and one for the individual subweapons.

We will consider, in turn, the following types of subweapon distribution

functions:

1. Stick distribution in range; gaussian distribution in deflection.
2. Uniform distribution in range and deflection (over & rectangle).
3. Uniform distribution over an ellipse,

4, Uniform distribution over an elliptic annulus.

In this section we restrict ourselves to the consideration of either point

targets or rectangular target arcas of dimensions [24(1),24(2)).

4.1, RIPPLE-TYPE DISPENSER DELIVERIES

We consider first a sequence of N(2) weapone delivered at timed intervals,
i,e., with centers of impact forming a pattern (ai,bi),i-l.2,3,....N(Z). This

. type of delivery is similar to thz type of delivery of Sec. 3 except that several
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patterns may be delivered at once, either with the same aiming points or with
offset aiming points, which involve the delivery of several tubes in a container
or from several containers. Further, the ballistic data for the subweaapon are
usually not obtained for each weapon individvally. The ballistic errors in de-
flection are assumed to be gaussian, but the range errors are governed by an em-
plrical distribution.

We assume each of the N(2) weapons to be aimed individually at the center
point of the pattern, We fit the empirical data for range dispersion by assuming

that its distribution K;(X) is the stick distribution:

X

of X LD, & L(1)) dx
(4.1) Ky H(q(O)’q(O)) J_mh(q(O)’Q(O)/Q(O)’

where L(1l) is the “length" of the stick, and q(0) is a parameter of the distri-
bution. Appendix B containe a discussion of this pattern.

The ballistic distribution in deflection is gaussian with standard deviation
8(2). Consider a single weapon against a target element at (u,v). The kill prob-

ability Db(u,v) is given by

T T Dowes vyl Z B\ (g \_ dedy _
. pu=[ [ pwe-pilGlescen)oGm)aimetor
where D(u-x,v-y) is the damage function. If N(2) weapnons are released from the
dispenser with pattern center at (0,0), the kill probability DD(u,v) to a target

element at (u,vy due to a single dispenser i3

(4.3) D (u,p)=1=L1-pD, uy0) V(2

where Db(u,v) is as given in (4.2), and p is the subweapon reliability factor. We
deffne r as the probability of a dispenser operating properly, i.e., the dispenser
reliability factor. 1If there are N(1) dispensers with pattern centers at (ai’bi)'

a pattern of dispensers is formed. Thus, the kill probability Dp(u,v) due to the

whole pattern {is




o
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N
(4.4) Dp(u.v)-l— ‘” (1-rDp(u-a,,v-b,)]

1=

7 rrrmeara
e v s

i N1) :
-1 [ [1-r{1-[1-pD, (-a , o-b,) V) 1),
i=1

4.1.1. Fragument-sensitive Targets

.

For a fragment-sensitive target, substituting the damage function (2.!) in

5

(4.2), we obtain for Db(u,v) the expression

P pE T

| 3 w-z 12\.[ 2 L\ dz
i (4.3) Dy(uy0)=Daf “”("’°[§<T>‘] )"(&‘(‘6?3&‘})3?67

Tt G ey dv
NPV

o e (.uo[.;:(%]z)g(-,%z_))%.

The i~tegrals are evaluated using App. D; Lemma é is used for the first inteeral

and Lemma 1 for the second integral. We obtain

ot s s vy o R s AR S Mo ey api % e

Jarey. (u  son] R L2
(4.6) Dy (u,v) Lq(3)hq(3)'q(3) I_/Eq(Z) P 29%(2) ’

AR T

where

RO

2
25202 ),

4.7)

Y
L e e e

2
q2(3)-&2-$p~?+q2(0).

Using (4.6) in (4.4) to get D%(u,v) and substituting in (3.27) to obtain the

coverage K(X,Y), we have

T A AT eR e
 im g
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- N(D)
(4.8) K(X, D)= [ j' - 1] {1-:{1-3 1-P—‘/g‘§§-)‘l
[t WA

2\ ¥(2)
‘h(xt(l)+Xa )\ R2) x(_["t(z)”'bi] )‘
q(3)  'q(3))v2q(2) 2 q(2)
nle AN, [ AL2)
T (e i 2

If r=], wve obtain

2t (1)+X-a;
. _p/mR(1) L(1)
(4.9) KX, y)j' j [ { 703) "( PIE)] q(3))

t2y+r-b, 72\
AR (Y A, (o AQ2)
72(2) °""(5[ D ] )} "(‘"t(l))h(y’t(z))d’dy‘

The expressior for K(X,Y) in (4.9) forms the basis for X(12) in the machine
program.

For a single dispenser, N(1)=l, we expand the 2xpression in (4.9) to obtain

(4.10) K(X'Y)':EZ)( 3k (N(Z))[L/;é')l] J‘_,, k"?%};"iéﬁ) ( ’t(l))

‘[72%)] G e T

The second integral may be evaluated using Lemma 6 of App. D, so that

el ot () B ) B S At

where q(2) and q(3) are given in (4.7) and

2
q? (2)--"-{—2-3+t2 2).
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Equation (4.11) forms the basis for X(2) in the machine program, and X(2) and X(12)

are thus also equivalent except for the difference in computational methods.

4.1,2, Impact-sensitive Targets

For a hard target-type subweapon, substituting the damage function (3.1) in

(4.2), we obtain for Db(u,v)

w+B(1)
Dy (x,v) -pdkj'u_

z LA dr v+B(2)
g

) al- .
B(1) (0) q(O)}q(O)L_B(Z) (3(2) 8(2)

Thus, we can express Db(u,v) as

, o4 B L\ v B2)
(4.12) Dy (s 0)=F (2 06y (0 'q<0))f (a(z) ’a(:))"dk'

where the function F{z,y,L) is defined as
Flz,y,L)=H(x4y,L)-H(2-y,L) ,

and H(x,L) is defined in (2.19), and f(x,y) is defined in (3.16). Using (4.12)

in (4.4) to obtoin Db(u,v) and substituting in (3.20) to get the coverage X(X,Y),

we obtain
» o N xt (1)+X-a,
. _,( < B(L) L(1)
(4.13) xan=f [ O 1 1ep ey —1g0) 4 0)
1=l

¥(2)
yt(2)+¥-b, B(Z)) AN, [ AQ2)
"f( 2 (e () ”"t(l))h(y"t '2'))"“1”‘

where p/ is as dcfined in (3.19). The expression for X(X,Y) in (4.13) forms the
basis for X(14) {n the michine program.
For a single diapenser, N(l)=l, we expand the expressinn in (4.,13) to

obzain
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M2 ey k(™ Rfzt(1)+X B(1) LQ)
o x(x,n-kgl b (k )(p’) .[_,fk( q(0) 'q(o)’q(o))

e Si)oe] BB AE) &

The expression for K(X,Y) in (4.14) forms the basis for X(4) in the machine pro-

gram, Again X(4) and X(14) are equivalent but are computed differently.

4,1.3.  Approximate Method: Fragment-sengitive Target

In the problem considered {n Sec. 4.1.1 for a fragmentation-type weapon, we
can simplify the expression for K(X,Y) if the range offsets ai-O by an approxima-
tion for the range ballistic distribution. Referring to the expression for Db(u.v)

in (4.6), we have

M)
q(3) ’

whict, 1 a density function for a distribution function. If we replace this func~

tion by a uniform distribution o(u,L(5))/2L(5), where a is defined in (2.9), we

obtain the approximate expression for Db(u,v):

vaR(1) #LR 2 v?
(4.15) Dy (wy0)==p 5y (ks L (5))[ () exp<-2q2(2)>]'

We will demand that the functions h(u/q(3).L(1)/q(é))/q(3) and a(u,L(8))/2L(5)

have the same variance., Then L(5) is determined by
(4.16) L2(5)=L2(1)43q2(3).

Using (4.15) in (4.4) to determine DD(u,v). we obtain

N(2)
NV fray RQ 1[5
DD(u,v)-u(u,L(S)) i- TT {l-p-%%%g% 2¢2) exp( L7(2)] ) .
L=




———
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Substituting for DD(u,r, in (2.27), we obtain the coverage K(X,Y):

G o« N(l)

AQ Y1R(1)R(2)

(4. 17) K(X.Y)-I-ma(:ct(l)irx,L(S))h( 20 )dzf [1- { T A
‘L'l

¥(2)
yt(2)+1-b, 402)
" """( [ F16) ])} :lh(y’ﬂz))dy‘

Using the definition of F(x,y,L) in (4.12), we find that the first integral in
(4.17) is

X L(5) A(1)
F( ORY ’t(l))'

Since F(-z,y,L)=F(z,y,L), we obtain for X(X,Y) from (4.17)

o N(D)
X__ L(5) AQD) _p/aR(1 R<>
i=1

" 2,\¥(2)
[¥#(2)+1-b; A(2)
x exp(—i[—- q<2) h(yot(z))dy

Equation (4.18) forms the basis for X(13) in the machine program.

1f ¥(1)=1, expanding the expression in (4.18), we obtain

REol e e e s AR S

N(2) . K
. X L(5) AQ) k-1/N(2) YIR(L)R(2)
K(X’”'F(t(l)’t(l)’t(l))kél SNV )[Iz’L(S)?!'qa')]

DOPLS 4% A M O

o oSBT 4

Evaluating the integral using Lemma 6 of App. D, we obtain

|

£ ¥ Ls) AONKD  rameNprarmee)
i (4.19) K(X"Y)'F(t(l)’t(l)’t(l))kil D (k ) 21(5) V34 (2)

;

b ¥

¢ 2% q(2),( Y AC2)

: | : i 5 4 3)-

T L
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Equation (4.18) for K(X,Y) forms the basis for X(3) in the machine program. The
expressions X(3) and X(13) are equivalent here for X vhen different computational

methods are used.

4.2, UNIFORM DISTRIBUTION OVER A RECTANGLE

We consider a ripple of dispensers whose subweapon distribution is uniform
in range snd deflection over a rectangle. Each dispenser is assumed subject to
ballistic errors according to a gaussian distribution with standard deviatioas
8(3) and 8(4). The centers of impact of (ai’bi) refer to the center point of
the dispenser pattern. Each dispenser is assumed to release the subweapons so
that the distribution of the subweapon is uniform over a rectangle [2L(3),2L(4)].
1f the pattern center is at (0,0), the kill probability Db(u,v) to a target element
at (u,v) due to a specific weapon is
L(3) [L(4)

(4.20) Db(u,v)-J

D(u-x,u-y)_.d_-”_‘.iL.__’
~E(3)J-L(4) 4L(3)L(4)

where D(u-x,v-y) is the damage function.
1f N{2) weapons are released and if the center point of the pattern is at
(0,0), the kill probability from a dispenser, DD(utv). is

(4.21) Dé(u,v)*l-[l-pr(u.v)]”(2).

where Db(u,v) is given by (4.20), and p is the subweapon reliability factor.
The dispenser is subject to a gaussian ballistic error, so that DD(u,v), the

dispenser kill probability, 1s given by

oo

(4.22) DD(u.v)-fJ QDD’(u-z,v-y)g(Z%a—))g(ﬁZT)E%

. L, L, {1-[ 1-pD) (u-2,0-y) 1”‘”}4,(3&(3-)-)9(;%);7%%.
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4.2.1, Fragment-sensitive Target

For a fragment-sensitive target, substituting the damage function (2.1) in

(4.20), we obtain

L(3) L(4)
= dxdy
s ol T
b f"L(3)I—L(4)0 ( R(1) P(Z)J 4L(3)L(%)

nR(l)R(Z),_(u L(B))h(v L(4)
Y(Dy(2) \y(1)*v(D) v(2)’y(2))’

where

2(1)=__£Ll

2(2) R? (2).

The expression for DD(u,v) from (4.22) is thus

o N(2)
. _BRRWDR(D) , u-z LGN, (v=y_ L&)
(4.23)  Dpu,v) LJ‘_,,{ [‘ YDy (2) Ay(D) y(x))"(v<z)w<z))

*g(afs))g (ﬁa))a(gﬁ}fw

a. _Approximation 1: Ballistic Error, No Edge Effects. The computational

methods based on (2.27) will not work if the expression for DD(u,v) contains an

integral. Thus, expression (4.23) must be gimpiified. One method is to replace

the density functions in {4,23}:

o I )

¥{1) v(2

by the uniform density functions

'a'!'lz‘"L"[(ls'“?l and = ’gnﬁéﬁ"" "
)
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where a(x,l) is as defined in (2.9) and variances are equal. Thus, L(5) and L(e)

are given by

L7 (5)=L2(3)+3v2(1)= L2(3)43R (1)'

(4.24)

L2(6)=L2(4)+3y2(2)=12 (4)+3R (2).

Lesentially, we are assuming the ratios R(1)/L(3) and R(2)/L(4) are swmall. We
enlarge the pattern [2L(3),2L(4)] to be [2L(5),2L{6) ] and assume no edge effects

in the enlarged pattern. Thus, we have

N(2)
[ prR(DR(D)] 1
(4.25) Du‘“'”)‘{‘ [' AL(5)L(8)) }z.z;(sn(a)

XJT jfma(u—x,L(S))a(v-y,L(é))9(8?3))9(8¥6))8(§§§%Z7.

1f 8(3) and 8(4)>0 and we use the definition of f(£,¥) in (3.16), the expression

for DD(u,v) becomes

g N (2) '
i 211}?(1)3(2)] u_ L\ v L(6)
(4.26) Dp(“"’W [‘ 4L(5)L(6) f(sm's(s))f(s(a)'s(a))‘

When we use (4.26) for a ripple of N(1) dispensers with Ci's at (q.,b.), the

kill probability Db(u,v) due to the whole ripple is

N(D)
(4.27) Dp(u,v)-l- IT ll-rDD(u-ai,v-bi)J

1=]

“1_”“’[1_2, {1_[1_QnR(l)&$_g_)_]N(2) f(“'“i L(5)>f(” b5 1(6)
1l L i 4L(5)L(6) 5(3)'s (3} \e (&) s (W)’

where r is the dispenser reliability factor.
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Substituting the expression for E%(u,v) as given by (4.27) in (2.27), we

obtain

i prRRD et )tka; 4 o)
(4.28) x(x,Y).j_J_mil- il [l-r{l-[l- ,‘L(S)L“)] I( RO, ,8(3))
1=}

yED+I-b, |6y A\, (. A
*f( Q) 'e(lo)) ”("’F‘(l)‘)”(y'fz‘>)d’°‘iy'

Equation (4.28) forms the basis for X(103) in the machine program. For only

one dispenser, we can integrate the expression in (4.28), using Lemma 6 of App, D:

N(2)
QnR(l)R(Z! X L(5) AQ) Y L(6) A(2)
(4.29) "‘x'*""";“ [“ 45(5)6(6)] ‘ F(t(z) IT1O) ’t(3))F(t(4) ET0) ’t(lo))’

where F(x,y,L) is defined in (4.12) and t(3) and t(4) are defined by

t2(3)=t2(1)+82(3),
(4.30)

t2(4)=t2(2)482(4).

The expression for the coverage K(X,Y} in (4.29) is for the case of a single
dispenser rectangular pattern where the ratio of the subweapon MAE (mean effec-
tive area) to the pattern area [4L(3)L(4)) is small, It can also be considered
a8 an approximation to the case discussed in Sec. 4.1.3, "Approximate Method:
Fragment-sensitive Target."” For the range dimension L(5), we use the value ob-

tained in (4.16), i.e.,
Lz(S)uL2(1)+3q2(3)-L2(1)+3q2(0)+2§;§ll

and equivalently

(4.31) L2(3)=L2(1)+392(0).

We make a similar approximation in deflection, again equating variances, and

obtain




~34-

12(6)= 3q2(2)-392(2)+3R (2’.

and equivalently
(4.32) L%(4)=38%(2).

Equation (3.29) with L(3) and L(4) given by (4.31) and (4.32) form the basis for
X(10) in the machine program.

b. Approximation 2: Edge Effects, No Ballistic Error. A second approxima-

tion for D(u,v) in (4.23) may be made if 8(3) and 8(4) are small with respect to

L(1) and L(2). We then assume 8(3)=g(4)=0, so that DD(u.v) is given simply by

N¥(2)
1o pnRQR(2), ( u  L(3) v L(4)
@ gt [1-EEDID, (e LN, (o LT

For a ripple of N(1) dispensers, the kill probability Db(u,v) due to the whole

ripple is

NQ1) u-a., v-b, N(2)
LYOOE 8T par(DE2), (%% 1(3) £ L)
(4.34) DD(u,v) 1 ﬂ [l r{l [l Y(DY(2) h('{(l)’Y(l))h(Y(Z)’Y(Z) .

i=1

Substituting (4.34) in (2.27), we obtain

o ° N [ 2t (1)+X-a.
@35 kan={ | q- i [i-r{l- 1.BRREQ) [ L 5(3))

y(Dy(2) v y(1) (1)
1=1

yt(2)+y-b, N(2))
h( L(A)) ALY\, [, A(2)
NTTE v/ (= ) (e 553 ) ey
/
Equation (4.35) forms the basis for X(104) in the machine prograr. The expressions

for K(X,Y) in (4.28) and (4,35) are arswers to the same problem but different ap-

proximations are used; i.e., X(103) and A(104) are equivalent,

4,2.2., Impact-sensitive Target

For an impact-sensitive target, by substituting the damage function (2.8) in

(4.20), we obtain for Db(u,v)
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L(3) L(&) dzd
. 1 5(2)) B0
(4.36) Dpts®) pde_L(a)J_L(z.)a(wx’Bu’)“(”'J’B(Z))41;(3)wo)

We will assume that L(3)/B(1)>% and L(4)/B(2)>l, Define B(zx,B,L) as the integral

of two o functions, i.e.,

]

(4.37) B(a:,.B,L)EI a(a-y,B)aly, L) dy.

- O

Thus, we have

1 |x|<L-B,
(4.38) 8(x,B,Ly=<[+B-x  1~Bs|x|sL+B,
0 |x|>L+B.

The function B(x,B,L)/4BL is a density function with variance L%4+B2, When we use

(4.37) and (4.38), Db(u,v) in (4.36) becomes

P g8 (4,B(1),L(3))8(v,B(2),L(4))
4L L(W) '

(4.39) Db(u,v)=

For a single dispenser, DD(u,v) is given by

® o N(2)
: ’ \Bv=y,B(2) ,L{4))
(“oao) DD(u’v)'l-J‘-wJ‘—w[l-p B(u_xQB(l)’L(B)I [0[1(3)L(4) ]

o) G are

where p’=ppdk as in (3.19).

a. Approximation l: Ballistic Error, No Edge Effects. As for the frag-

mentation case in Sec. 4.2.,1, we must make an approximation for DD in (4.40).
As one approximation, we will replace the density function B(u,B(1),5L(3))/4B(1)L(3)
in (4.40) by the density function a@(u,L(5))/2L(5), again requiring equal varfances.

Thus, we let
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B(u,B(1),5(3)) ,a(u,L(5))

(4.41) %B(DL0) 2L(5) *
where
(4.42) L2(5)=L2(3)+B2(1).

Similarly, we let

B(v,B(2),L(4)),a(v,L(6))

(4.43) 4B(2)L(4) 2L(6) °
where
(4.44) L2(6)=L2(4)+B2(2).

Then, in place of (4.40), we have

> N2
) B(1)B(2)
(4.45) DD(u,v)=1—.[_wJ'_m[l-p a(u-x’“”)“‘”'y'“‘”)L(smfﬁ]

gooktorono

5 N(2) ,
BT e )t 48)

We note that this expression for DD(u,v) is the same as for a fragmentation
weapon in (4.26) except that 4B(1)B(2), the area of the target, replaces -the
MAE«sR(1)R(2), and the definitions of L(5) and L(6) in (4.42) and (4.44) are
slightly different from those in (4.24). Thus, the expression for K(X,Y) is

similar to (4.28):

i=1 -

} R 100103
(4.46) K(X,Y)-Jlmjlw - [‘ rdl [‘ L(5)L(6) ] }

xt (1)+X-a. Yt (2)+¥-b. .
i L(5) IO\ LA IO W1
"’(““"5(3)‘ '3(3))f( 5 04) ’a(z.)>] ”(‘”’t(l))h\y'm))d”d”'




e A L 0 S 2 e SR S5 P

A am e aew e

HLRNSP MBI Y Eaw )

%t LS ST e st

L S AR AN DU L At 2 e T R TN

T A M asraiy b ¥ 2T L,

Tl D ML -

TN R T PTG

Raid)

= TEA T

-37-

Equation (4.46) is the basis for X(105) in the machine program. For a single

dispenser, we obtain

[ pBB@ P x L) AW\ (2 L(6) AR
(4.47) ”‘X'Y””{}“[}‘ L) L(6) P 5 e0) Gl i@ 5)

where £(3) and t(4) are as in (4.30) and L(3) and L(4) as in (4.42) and (4.44).

b. Approximation 2: Edge Effects, No Ballistic Error. A second approxima-

tion is to assume 8(3)=g(4)=0., Then from (4.40) DD(u,v) is

p/B(uyB(L) 4L(3)) B(0,B(2) ,L(4))
(4.48) DD(u,v)-l-[l- N8

]N(Z)

For a ripple of N(l) dispensers, we obtain, as in (4.35),

(4.49) K(X.Y)-J'w J'm 1-N](T1)[1-r{1-[1-p’

im)

. X

B(=t(1)+X-a;,B(1),L(3))B(yt(2)+¥-5,B(2),L(4)) ”<2>}]
4L(3)L(4) |

He S Mo £33 ) e

Equation (4,49) forms the basis for X(106) in the machine program. Thus, expres-
sions (4.46) and (4.49), i.e., X(105) and X(106), are solutions te the same prchlem

using different approximations.

4.3, UNIFORM DISTRIBUTION OVER AN ELLIPSE

We consider the same problem as in the previous sectisn except that the sub-
weapong are assumed to be uniformly distributed over an ellipse with semimajor axis

T(1) and semiminor axis T(2). The kill probability Db(u,v) is

dzdy
(4.50) D;,(“’l’)“leD(“‘“'”‘y)T(l)T(z)n'
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where {) is the area inside the ellipse [2/T(1)1%(y/T(2) 1%=1, The kill prob-
ability DD(u.v) for a single dispenser against a target element at (u,v) is thus

given by (4.22) and (4.21) with Db(u.v) from (4.50).

4,3.1. Fragment-sensitive Target

For a fragment-gensitive target, substituting the damage function (2.1) in

(4.507, we obtain

2 : BUWERQ) ([ ez dzdy
1 (4.50) Pp 40y T2 ” (y(l)) (F)vr e
where
A z 2 2
3 “ ['"m] {#] =
: 2(1)=B20)
: ()-8 (2).
P In Sec. 3.3, the » .fset ellipse function P(4,B;x,y) was defined in (3.26) by
! (4.52) P, Bizy)= || gtorg(mdean,
: C2
§ where Cp:[ (£-x)/A12+[ (I-y)/B)2s1. We can thus express D (u,v) in (4.51) as
{
¢
2 R(VDR(2) (T(1) T(25, u__ v
3 (4.53) Db(u.v) -(ll)-T(Z)i (Y(l)’Y(z)'Y(l)'Y(z))'
E with P(4,Bi2,y) as in (4.52). Thus, D (u,0), which is similar to (4.23), is
-
5 G5 Dot v)gf’ ™ {7 PRODRE) (P() T2) u-z -y \¥ P
: ' o) L [ TT2) (D ¥ (2 531D *y(2))
; 9(8( )) ‘a\ ))8(4)8(4)

K ayedsof
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2, Approximation 1: Ballistic Error, No Edge Fffects. As befove, we must

simpiify (4.54). If PT(1)/v(l) and 7(2)/v(2) are large, we make the following ap-

proximation in (4.53):

R(1)R(2) 2rp 2
T [7’(1)] [T(Z)] sty

otherwise.

(4.55) Db(u,v)-

L~
b

Again, this i{s the approximation often used when we ignore edge effects: The
kill probability is the ratio of the MAE to the pattern area inside the pattern

and zero outside., Under this approximation, we obtain from (4.22)

N(2) .
(4.56) Dptuy v)n” { [ ?f;,"{éf)] }g(ef3))9(e'{4))a(f‘fg"{-,;y.

where

NESTIAR =N b
03‘[7(1)] [T(Z)] s

The integral in (4.56) is alscv an offset ellipse function. Thus, we have

I oeryr@ U mw) 720w v
(4.57) "o‘“'”)"{"l_ T | (e @Gy Em)

where P(4,B;x,y) s defined in (4.52).

For a ripple of N(1) dispenserez with CI's at (ai'bi)’ the ki1l probability

Dp(u,v), which is similar to (4.27), is

N(D) j N(2) u-G. v-b.
o] W | pRCDRC2 (T(l) 7(2) ¥4 v-b;
(4.58) Dp(u.v)l n’ [1 rll [1 DTS orsiisarsa |

im}

.

Substituting the expression for Db(u.v) given in (4.58) in (2,27), we obtain




R, T

x4 2t A A

-40-

= &) A i) |7
(4.39) K(X,Y)=I J‘w -1 [l-r{l-[l-%(—l-)-,l,(z) }

- Vo .
(A

, t(1)+X-a, yt(2)+Y-b;
r) 2 F i 7 A(l)\) A(2)>
"P(e(s)'e(m' O I >] h(x’t(l ”(y’z(z) dady.

LCquation (4.,59) is tke basis for X(107) in the marhine

If the pattern is circular, T(1)=T(2)=T, and the dispenser ballistic errors

are equal, 8(3)=8(4)=8, the expression for K(X,Y) in (4.59) becomes

- = { m e AN(2)
(4.60) K(X,Y)=I I )l-ﬂ [1~r{1-[1-2’1(—1-2-"—(ﬁl] }

-0 Tz

Y

Azt (1) +X-a, )24 [yt (2)+Y-b, 12
T < 1 A(1) A(2)
xP(;, s >] h(z,—-—T l))h(y,——T(z)>dxdy.

where P(R,r) is the offset circle function discussed in Sec. 3.3 and defined in
(3.28) as

(4,613 paye [ germgydrdy.
x24y2sk?

As discussed in Ref. 1, the circular coverage function P(R,r) may be approxi-

mated for R large:

(4.62) p(n.r)ij g(w)du=1-G(r~/RZ-1).
r—v‘Rz-l

This approximation is very close for R25 but should not be used for R<3. Using

this approaimation in (4.60), we cbtain a second approximation:
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° @ { ¥ N(2)
(4.63) K(X,Y)-I I 1- ﬂ‘ "1-1.{1_[1_23(1)21?(2)] }
- G0 e 0O . T
1=]1 u

Azt (1)+X-a, 1+ [yt(2)+Y-b, 13- /12-g2\
x§1-a( i i )&

8

(a5 (v 55 )y

b, Approximation 2: Edge Effects, No Ballistic Error. A secoad approxima-

tion in (4.54) 1s to set 8(3)=g(4)=0., Then DD(u,v) from (4,54) is

N2)
alo| 1-RACLIBC2) o (T(1) T(2) u  _y
(4.64) A [1 .T(I)T(Z)P(Y(l)’v(?-)’Y(l)'Y(z)) ’

where Y(l) and v(2) are as in (4.51). For a ripple of N(1) dispensers, Db(u,v)

is thus

N(l) Vs . Uu-a. v'be N(Z)
e i |1 LRREVDR(2) o(T(1) T(2) "~ 4 ~ % l
D)= Tf [_‘ "{‘ [‘ T(HT(2) y(l)’y(z)'v<1)'y(z))] )]

i=]

Substituting in (2.27), we obtain

® % N(1)
(4.65) K(X,Y)-j [ -1 (}"’{“[l' ?83’}83
-0 - i.l

xp(T(l) T<2)‘xt(l)+x—ai yt(2)+y—bi>]y(2)
y(1)'y(2)*  v(1) ' y(2)

Equation (4.65) is the basis for X(108) in the machine program. Equations (4.59)
and (4,65) are two apurosimations to the same thing by djifferent methods.
If the patiern {s cirzular, P(1)=T(2)=P and i€ R(1)=R(2)=R_ s0 that y(1):x(2)=y,

Eq. (4.55) for K(X,Y) becomes
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N1 2
(4.66) KX, D= j' r 1- {1-;'[1-;1-257

( '@"(””"‘i3“£yt(z)+y-bi]z)iw(2)]l
xp
Y’ Y ,

Al )) 4(2))
thr ) h E02) dzdy,
where P(R,r) is the offset circle function as in (4.61). Equation (4.66) corre-
sponds to Eq. (4.60).
Finally, if we use the approximation for P(R,r) in (4.62), we obtain the

second approximation, corresponding to (4.63) for X(X,¥):

o N(1) 5
- - _pd1-11.PEZ
(4.67) KX, 1) _[ Lwl i (1 r{l [1 -

- 00 B
1=1

( (fzE(Dha, Ayt @i, -/ \W
)16 C C )’
Y

“he ) 1) -

4.3.2. Impact-sensitive Target

é For an impact-sensitive targei, substituting (2.8) in (4.50), we obtain

Pax “‘ :
(4.68) Db(u’v)'53773?757 C“a(u-z,B\l))a(v-y,B(Z))dxdy,

where Cu:(x/T(l)J2+ly/T(2)I?Sl. If T(1)/B(1) and T(2)/B(2) are large, we can

2 make an approximation similar to that used in (4.55), i.e., let

(4.69)

4B(1)BL(2) u 12.rv 1?2
Paarnry [7'(1)] +[T(z)] st
D. (u,v}

.0 otherwise.
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Thus, 1f (4,22) is used, DD(u,v) becomes

' N(2)
4B(1)B(2) T (2. u_ v
DD(“’”)"{“ ["Eﬁ(nr(z) ] }P(e(3)’s(4)’s(3)'a(lo)>'

This is exactly the same as DD(u,v) in (4.57) for the fragment-sensitive case,
except that we have replaced R(1)R(2)/T(1)T(2) by the ratio 4B(1)B(2)/nT(1)T(2)

and p by p’. Thus, we obtain an expression that corresponds to (4.59):

(4.70) x<x,1r>-f° j'm 1-’}((1)[1-;'{1-[1- ;;I?S;?%l]ﬁ(z)

ix1

xt(l)+X-a, yt(2)+Y-b,
T(1) T(2) ~ i 1 A1) A(2)
”P<a(3)'eg4)' T IO )}] (e BT 55 sy

Equation (4,70) forms the basis for X(109) in the machine program, For the cir-

cular case, Eq. (4.60) applies with the above replacement, i.e.,

o @\ N 1 N(2)
B PSR GtY Iy
(4.71) KX,1) J'_J_m 1 iU; [1 r{l [1 - ]

Azt (1)+X-a, 12+ [yt (2)+¥-b , 12 )
T i z A(l) AQ2)N
><P<8 . 3 h(.‘z:,-—--—-t(1 )h(y .—-—-—t(z))d..,dy.

Finally, for T/s sufficiently large, we obtain an expression similar to (4.63):

® o ”(l) ’ N(Z)
| ) i A TpleB)B2)
(4.72) (e LL(I 1l {‘ ”[‘ [‘ ﬂT(l)T(Z’)]

=1 3

3 ("[:mt(1)+){--a1:]2+fyt:(2)+Y-bi]2-»/'1'2-a2 )q })
x)1-&

X 8

<o 5 o ) -
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We note that the approximation ignores the edge effects. If the edge effects
are important, i.e.,, T(1)/B(1) and T(2)/B(2) small, we may transform the elliptical
pattern into an equal area rectangular pattern and use the results of Sec. 4.2.2.
In this case, we would let

TORL 0N
(4.73)

L(a),/?:g(z) ,

and use Eq. (4.49).

4,4, UNIFORM DISTRIBUTION OVER AN ELLIPTIC ANNULUS

We consider the same problem as that of Sec. 4.3, "Uniform Distribution over

a1

an Ellipse," except that the subweapons are assumed to be uniformly distributed
over an elliptic annulus, the area included between the inner ellipse with semi-
axes W(1) and W{2) and the outer ellipse of semiaxes T(1) and 7(2). The kill prob-

ability Db(u,v) is now

) D(u-z,v-y)dzxdy
(4.78) Db“"”)'.”Crn['.r(nr(z)-wl)w(z)]’

where Cc 18 the area between the ellipses [x/T(1)12+(y/7(2)1%=1 and [z/Vz(l)]+
[y/Nz(Z}J-I. The kill probability DD(u.v) for a single dispenser against a target
element at (u,v) is thus given by (4.22) and (4.21) with Db(u,v) now given by
(4.74),

4.,6,1. Fragment-sensitive Target

For a fragment-sensitive target, substituting the damage function (2.1) in

(4.74), we obtain for Db(u,v) an expression similar to chat of Eq. (4.53):

T(1)T(2)-W(1)4(2)

- R(1)R(2) T(1) T(2) u ) \_ W) ¥(2) u v\
Dp (w2 [”(v(l)’y(z)'y(nw(z)/ ( ]

Y(1)*y(2) v (1) *y(2)
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where P(4,B;u,v) is the offset ellipse function in (3.26) and y(l) and y(2) are

as in (4.51), 1i.e.,
y2)-E
0 L

‘(2)=R (2).

Thus, as with Eq. (4.54), DD(u,v) is now
O pROREY [ (1) TR u v
(4.75) DD(“’v) JLQ]'Q{E {1 T(l)T(z)_V(l)y(z)_?(Y(l)’Y(Z)’Y(l)’Y(2)>

. N(2)
_pfW(1) K(2) u v z \_dedy
P(Y(l)’Y(2)'Y(l)'Y(2))]} (8(3)) (8(4)}8(3)8(4)'

a. Approximation i: Ballistlc Error, No Edge Etfects. If T{1)/y(l),

T(2)/v(2), W(1)/v(1), W(2)/v(2) are large, we make the same approximation, as

in (4.55), that

R(1)R(2)
TYT(2)-W(1)W(2)

(4.76) Db(u’v)-

1f (u,v) is inside the elliptic annulus Cg and otherwise zero. Under this approx-

imation, DD(u,v) becomes

o N(2)
- - pR(1)R(2) y dxdy
(4.77) DD(u’v) Ilfsgl [l T(I)T(Z)—H(I)V(Z)] }9(8(3)) (8(4))8(3)8(4)'

The integral in (4.77) is the difference of two offset ellipse functions; thus

PR(1R(2) ]"m
T(1)T(2)-W(1)W(2)

(4.78) Dp(u,v)-{l- [1

xp(m) 7)) u_ v \ (WL ¥ u_ v\
a(a)’au)'a(s)'a(a)) a(3)’a(&)’a(3)’a(4))j
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La this equation, P, 0,0 is the offset ellipse function given in Eq. (3.26)
1t we proceed as in (4.9, tor a ripple of ¥(1) dispensers with Cl's at

W ) and g dispenser reliabiliwy factor », the fractional coverage K(X,Y) is

¢ O .(l)[ AT

Y (oY ax,roe o \l- T« oy _[ LR )

1 -( ‘ | LMy SADE) '

1=y -

I

3 . k- ARSI . e (D +Xx-a. 2)+y-hb "’
g oy ) SUDmhmay G EREEN gy ey S gt RN
: L AR S DY ES A B PR &) LY ) B 1y JS
ot

’E D 1(2)

% a\ Al . 4

! “a{x t(‘))‘(“‘(.";)d’“z"

g Lquation (%.79) is the basis for X(110) in the wachine program. it allews a

i ballistiv error but considers no edge effects. Thus, to be valid, the ratios

g J(HY/R(D) and T(2)/2(2) shouild be reasonablv large, i.e., >5.

N 17 the pattern is a circular annulus, 7(D)=7(2)=7 and ¥{(1)=(2)=K, and the

1

ballistic errors are equal, 5(3)=s(%)=5, the expression K(Y,7), vhich {s similar

to (4.60), becomes

G hED) . e,
(4.80) X(X,Y\:{ ' %|_ I l—p%l-[}-Liillé;:L] {

j <T (1) g, ‘?*144())+v—,117)

»
8 8

(iv Nt Qyx-a, 24 tyt (+v-1 F’)Q (
el ,
g

&

where P(,») i< the ot fset circle function as fn (4 61),
As @ second approximation for 7/8 and ¥/s large, usiayg the approximation for

Po-ry in £5062), we obtain an expression that is similar to (4.673):
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= >\ WD N(2)
(4.81) K(x,y).-.g' J‘ - 1 [l-rél-[l- R(21)i:(2)1 }
Yo oV @ R 2.
m 1

{ Lf[zt(lnx-a,,J%ryt(z)w-biﬂ-/w?-sZ)
x\CG <
U\ 8

L -~ Y ) ‘-])
(ytxt(1)+XLaij*+Lyt(2)+YLbiJ‘-/T‘—e‘)%
-G

\ 8

XIzG:;%i%%)h(y,%%%%)dxdy.

Equation (4,8l) is ths basis for X(100) in the machine program. Again, no edge
effects are considzred and min [7/R(1),T/R(2) ] should be greater than 5. Further,
in order that approximation (4.62) be valid, T/3 and W/8 should be greater than 3.

b. Approximation 2: Edge Effects, No Ballistic Error. The second approxi-

mation is to set 8(3)=8(4)=0. Then, proceeding as in Sec. 4.3.la for Egs. (4.64)

and (4.65), we obtain for K(X,Y) an equation that corresponds to (4.65):

(1)T(2)-N(1)W(2)

) -0

= [ N[ T
(4.82) K(X,1)= J' | (-1 il ,.tl_;l PROLRC2)
iml

oz z2) e yt'(2)+}'—bi)
YY) v T (@)

/

t(1)+X-a, yt(2)+¥-b\]N(2)
W) W © 2 i % AN, [ A2
‘P(vm'y(z)' YYD )] ]} (e, )l ’t(Z))My‘

where y{1) and v(2) are defined in Eq. (4.51). Equation (4.82) forms the basis
for X(111) in the machine program. Equation (4.82) is used when the edge effects
are important, while Eq. (4.79) is used when the ballistic errors are important,

I1f the pattern is a circular annulus 7(1)=7(2)=T and W(1)=W(2)«#, we obtain

an expression that correspends to (4.66):
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i3

o« ] N(l) o
o sl [ (425
-0V o i:‘l R4

x%P(T Nzt (1)+x-a, 124yt (2)+1-b, |?>
Y

Aat(l)+h-a, 1P+yt(2)+Y-b, 12

N(2)
ot ") S A

Finally, a second approximation for T/y and W/y large that is similar to

(4.67) is
CE:) N(l) 2
(4.84) K(X,Y)=X J‘ - (- 1-[1-ﬁ—
-0 -0 i,—_—l TZ_”:Z

(»fi E(1)+X-a, 2+ y e (2)+¥-b , J2-W2-y2 )
K;G 1 2
Y

[zt (1) +k-a, TPlyt (2)+i-b, 12 /T2-y2>€]m<z)l)
-G ’

¥ f

Equation (4.8%) forms the basia for X(10l) in the machine program. In this case,

T/R and W/R should be larger than 5,

4.4,2. TImpact-sensitive Target

Fo. «n impact-sensitive target, DD(u,v) is the same as in (4.68) for the el-
lipse, except that the elliptic area C, is replaced by the elliptic annulus Cy of
(4.76), TF T(13/B(L), T(2)/8(2), W{(1)}/B(l), and W(2)/B(2) are sufficiently large,

we make the same approximation as in (4.69) over Cg, 1.e.,




I
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P&‘OB(l) B(2)
TTRD D7) I if (x,v) is inside Cs,

Db(u,v)-

’

0 otherwise,

U:.der this approximation, X(X,¥), which is similar to (4.70), is

o o N(1) ' N2)
p/4B(1)B(2)
(4.85) K(:r.r)-j_wj_w(— il {1-1"[1"31 ncT<1>T<z>-w<1)w<z>J$ ]

im]

. P(Z(l) 7(2) 3t(1)+x=a¢ yt(2)+y;bé)
(3)’8(“)' 8(3) ) 5(4)

t(1)+X-a, yt(2)+¥-b.

W W) T i i 4Q1) A(2)
—P(8(3)’5([6)’ 8(3) ? 9(4) )]})h(x,tu))h(y.t 2))My.
We note that (4.85) is identical with (4.79) for the fragment-sensitive target
except that the ratio R(1)R(2)/[T(1)P(2)-W(1)W(2)] is replaced by 4B(1)B(2)/
n[T(1)P(2)-W(1)W(2)], Equation (4.85) is the basis for X(112) in the machine
program,

For the circular case, T(1)=T(2)=T and W(1)=W(2)=W, and the balligtic errors

e(3)=8(4)=s, the expression X(X,Y), which corresponds to (4.81l), becomes

9“ o N(l) N(z)
4.88) k,n=] [ - 1 e p'48(1)B(2)]
] n(T2-2) J

Tml

{ (/Gt(1)+X-a£]2+[yt(2)+Y-bi32—-@2-ez)
x\G
\ e

Y{xt (1)4X-a, 12+ [yt (2)+Y-b 12~ /T2-42 >}]
- 1 P2 A(l) A(2)
G( w3 h{ ey dacs

Again, we note that (4,81) and (4.86) are identical except for the factors

4B{1)B(2) . R(DR(Q)
n(T2-§2) T2-w2
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Equation (4.86) forms the basis for X(102) in the machine program. Since no edge
effects are considered, T/B(1) and 7/B(2) should be greater than 53; further, in
e valid, T/s8 and W/ should be greater than 3.

i.e., T/B(1) or T/B(2),

order that approximation (4.62) b

1f a case occurs in which edge effects are important,

some other method should be used, €.8., X(109).
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5, THE COMPUTER PROGGRAM

The simpiified weapons evaluation model described here is gufficiently broad
to cover almost all problems that arise in the field of nonnuclear weapens avalua-
tion. The FORTRAN program is daesigned to compute the solutions to most of the
effectiveners problems discussed in Secs. 3 and 4. After describing the inputs
and computscional methods that are generally used for all problem types, we con-
sider each problem type that involves different inputs or different methods.

This section has been planned to permit the user to run the program witheut
referring to previous sectfons. Ir the event that further investigation is desired,

however, the appropriate references are given for each case discussed.

5.1. GENERAL CONSIDERATIONS

The following list provides the inputs required for the program, with ref-
erences to the sections in which these inputs, their uses and restrictions; are
described, Odd integers in the inputs denote a parameter in the & (range) direc-

tion; even integers denote a parameter in the y (deflection) direction.

FORTRAN
Inpurs Description Reference
A3,A4 Target area dimensions 5.1.1
B3,B4 Impact-type target dimensions 5.1.5
R1,R2 Fragment-type target parameters 5.1.5
:,D2 Fragment-type targef parameters 5.1.5
CL1,Q0 Dispenser range ballistic parameters 5.3
GCL3,GCL4 Rectangular pattern half dimensions 5.4
ETL,ET2 Elliptic pattern semiaxes 5.4
Wl,w2 Elliptic annulus inner semiaxes 5.4
Ul,02 Number of integration steps 5.1.4
SUL,SU2 Target cifsets 5.1.1
S1,52 Ballistic error standard deviations 5.2
53,54 Ballistic error standard deviations
for dispenser S.4
71,12 Aiming error standard deviations 5.1.2
A(J),B()) Individual weapon aiming point 5.1.3
NXAJ ,NXBJ Flags for aiming point pattern 5.1.3
D,DF Spacing bLetween successive weapons 5.4
N,NB Number of weapons, number of
subweapons ) 5.4
SP Probability of kill 1if hit,
weapon reliability 5.1.5
R Dispenser reliability 5.4




SERUATINRE T A AT e o D e Tream T

AR A w SNCRAG VO IE 1 AT | Tl VPSP DRSO

-52-

5.1.1, Target Area: Inovts A3, 44, SUl, su2

The target area in all cases considered is & rectangle with dimensions 43 in
the x (range) direction and 44 in the y (deflection) directicn. The inputs A3
and/or A4 may be zero. The center of the target area may be offset from the aim

point at SUl, SU2, where SUl is the range offset and SUZ is the deflection ofiset.

5.1.2.  Aiming Error: Inputs 71, T2

The aiming error distribution is ascumed gaussian (see Sec. 3.2.1) with stan-
dard deviations Tl ard 72 in x and y, respectively. In terms of REP and DEP,

AREP=,6744T1, ADEP=,674472, If T1=T2=T, then CEP=1.1774T,

5.1.3. Aiming Point Array: Inputs A(J), B(J), D, DF, N

The aiming pattern is the array cf the ¥ desired center of impacts [A(J),B(s}],
J=1,2,...,N. (See Sec. 3.1.) The pointe are so defined that LA(J)=0,LB(J)=0. The
pattern may be a direct input or may be calculated. If the flag ¥XAJ=0, a direct
input for the A(J)'s 3s called for and D must be 1; if the flag NXBJ:0, the B(J)'s
are called for and DF must be 1. 1f NXAJ=1, the A(J)'s are calculated, using the

uniform spacing D; if NXBJ=1, the B(J)'s are calculated, using the spacing DF.

5.1.4. Integration Routine: Inputs Ul, U2

The basic integration problem (see Sec, 2.3) is the evaluation of the double

integral
(5.1) .r-{ f K(x,y)h(z,%%—)-)h(y,%%%)dmdy,

where K(z,y) 1s a nonnegative integrable function never larger than i; A(l) and
A(2) are the target half dimeusions; and h(x,4) is the functicn defined in Eq.

(2,19) as

i A
(5.2) bz, Ay s,

where g(x)= exp{(-z?/2)/VZx.
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We note the limits

1
h(z/T,A/T) alzoa) V28 AF 1@ls/s

)
lim T 24 _l

T0 .
> 0 ir ir|>A4,

lim hx,A)=g(x).
A+0

In order to use a numerical integraticn routine, we mist truncate .>e inte-
grals in (5.1) through an appropriate choice of the truncation limits E(l) and

E(2), obtaining the =2xpression

, EQ1) E(2) A\, [ 4)
(5.4) I= f ..E(l)LE(Z)K(x (s %ﬁ—)h(y ,ﬂ%;)dxdyn .

where ¢, is the truncaticn ervor. To obtain F{l) and E(2) we consider in tuwn
two possible choices for truncation limits., The first set, £(3) and ."{4), are
based on the fact that X(z,y)<l. For truncation limits £(3) and F(4), the corre-

spouding truncation error €, is

00
"

56 [141(;:(3) ,'—;.—%3—)][1-”(5'(4) ’%%%)]

where H{~,A) 1is defined as

(5.5) ezsaj ny .g{%)dy

£ (3)

X
(5.6) a(:.m-J h(y,A)dy .

and is evaluated by Eq. (2.20). We determine E(3) and E(4) satisfying the

inequalities
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1-(E(3) ‘118% <1074,

1~11(b‘(4) ,‘—7’,—%% <i0™®

Thus the truncation errocr €, is
. -8
(5.7) ¢ 24(10) ~,

The second set E(5) and E(6) is based on the fact that

[+ 3]

J" h(z,A)dz=1.

Thus for truncation limits E(5) and E(6), the truncation error €5 is

. max ma:
(5.8) c352[!x|>3(5)1{(x,y)+| |>E’(6)A(x"/)]

We determine E(5) and E(6) for eacn fumction X(x,y) sctisfying the inequalities

4
o sE(5) @510

.9

|y ok @w)s10™,

so that the truncation» error €, is
e,s4(10)™

The truncation limits E(1) and E(2) are chosen as

E(1)*nin(E(3),E(5)),

(5.10)
E{2)=min(E(4),E(6)).

The truncation error €, is zhus
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e,smax(ez,c3).

In the numerical integration routine, we ciwoose the number of integration

steps 2U(1) in the x direction and 2U(%Z) in the y directicn. The respective step

sizes e(l) and e(2) are thus

u1)? u()y’

where E(1) and £(2) are given irn (5.10). We designate the centers of the inte-

gration rectangles by lx(j),y(j)] and let

\./

s(2~g~l)e( 1f sUQ1},

x(f)=

@d-DEE 1 jsu),

©
o~

—

e

i1f j>uQ1),
(5.12)

y(j)=

e(2)

[24-1-20(2)1 &=L 1f §>U(2).

The iategral I in (5.4) is thus given approximately by

2U§1) 2U§2) x(f)+e(l)/2 y(k)+e(2)/2

5.13) Ta
Ex(j}-e(l)lzgy(k)—e(z)/z

PR x(c.n)h(s.%%)( )}didn.

Replacing X(£.n) by its value at the midpoint of the integration rectangle,

we find that

2U(1) 2U0(2) z(j)+e(1)/2 AQ1)
(5.14) I= E § X{x(3),y(k)) h(&vm75)dE
J=1 ke ‘I‘x(., )-8(1)/2 ( T‘”)
yCk+e(2)/2 0 4 g
*I h(n.—g-lr(z))dn.
y(k)-6(2)/2
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When we use the expression (5.6) for H{Y,i), we -btain for !

20(1) 2U(2)

55 o k(e 00) [ (p 14242 DY ey 242, 40
{ jil kél (@) 4 0) |1 ()& LD () €5 )

42 Q@) e(2) A(2)
[y 0422 4D (128 A,

We define the function F{z,y,L) as

(5.10) Fx,y,L)=H(xty ,L)~H(x~y,L) .

Then, I from Eq. (5.15) is

2U(1) 2U(2)
. , Woe() A e(2) A2)

J:l k=1

In terms o1 “he FORTRAN symbols, the integral I is

201 2U»
(5.18) SNILCOMOL (=) B A pr(y o) 2, 22).
j:l =1

1f K(z,y) is symmetric in either & or y, the sum in (5.17) need only be taken to

UCl) or U(2). 1If symmetric in both x and y, we obtain

TORI .
_ o )l 1y QL AN o 0(2) AQ2)
a9 1 ]G O Fe) S Ao S50,

v

Equations (5.17) and {$.19) arc the basis for the integration routine, subroutine
A50. VFor one dimension, the expressions are single sums and are the basis for

the single iategration routines.
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5.1.5. Damage Functions: Inputs SP, B3, B4, RL, R2, ['l, D2

Two types of damage functions are used (see Sec. 2.1). We define an impact-

sengitive target as one for which there is a definite geometric figure (in our
case a rectangle of dimensions B3, B4), which must be impacted by the weapon or
subweapon., A target for whiclk a vulnerable area is given thus belongs in this
category. The input parameter S} is the probability of damage ii hit. When we

define Bl= B3/2,B2~B4/2, D is given iy

(5.20) ' SP  1£-Bl<wmsBl,-B2<ysB2,
D(x,y)=

0 otherwise.

We note that B3 and B4 are the dimensions in the ground plane.

We define a fragment-sensitive target as one for which a significant portion

vt Sy oo

of the damage effect is due to the fragmentation of the weapon. Usually, the
: damage function is determined as a damage matrix using a '"lethal area' program.
ﬁ This damage function is approximated by an exponentilal function (see Sec. 2.1) of
4
§ the form
: .
b / 2 2
: (5.21) D(x,y)=SP-/D1+D2 exp(-Ql—‘-”—ﬂ&L).
R12  R2?

The parameters D1, 92, Rl, and R2 are inputs to be cbtailned from empirical data.
First, we require that nR1+RZ=MAF. where the MAE has been determined by some other
method. The ratio of Rl to R2, or the ellipticity of the damige function, may

be calculated or estimated. The initial values DI and D2 will usually be set equal
to one. In this case the input parameter SP is the reliability factor for the in-

dividual weapon.

5.2. RIPPLE OF BOMBS: INPUTS Sl, 52, N

We consider a ripple of N weapons delivered with a common aiming error ac-
cording to an aiming point pattern. Each weapon is uubject individually to a

ballistic error according to a gaussian distribution with standard deviations
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Sl and 52. The foputs Sl and 52 may be zero. Again, in texms of REP and DEP,
BREP=,6744S51, BDEP=,674452,

Figure 1 presents a flow diagram of the computer program for the ripple of
bombs. The fractional roverages X(1), X(11), X(5), and X(15) are answers to the
problems considered in Sec. 3. The program 18 described as fellows:

e The fractional coverage for a ripple of bombs against a fragment-sensitive

target is ¥(l1). Pertinent inputs are D1, D2, Rl, R2, S1, and $2, which

are obtained from empirical data. The program uses Eq. (3.7).

QDHP
READ
DATA
- R1,R2,81,52,
Kaur=0 D1 D2

YES A50 Ké PP
B3,B4,S1,52
| Kourel ’Dlzg?’ ’
M=o 1 Kp=15 A50 K6 pp
—
I
WRITE
KO, X15

Fig. I--Ripple of Bombs Deiivered witn a Common Aiming Error
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e The fractional coverage against an impact-sensitive target is X(15). This
problem uses B3 and B4 in the computations rather than Rl, R2, D1, and DZ.
The program tses Eq. (3,20).

e The fractiona) ccverages X(!) and X(1l) are answers to the same problem
when different bu: equivalent expressions are used; X(5) and X(l5) are
also equivalent, However, X(1) and X(5) are restricted to cases ir which
the number of weapons, N, is less than or equal to 12, The computation

for N very small is faster and more accurate for X(1) and X(5) than it is

g for X{11) and X(15).

R ER?

o The flag NO is used to skip parts of the program to compute X(1) or X(5).
The code is restricted to the computation of X(1), X(2), X(3), X&), or

X(5) when NO=0; tthen NO=1, X(1) through X(5) are omitted; there are no re-

LR T N N T

strictions when NO=2, The subroutine XRZ computes ¥{l) through X{3).
i Equation (3,13) is used to compute ¥(1) and Eq. (3.21) to compute X(5).

s The basic flow of the ccmputer model is the same for X(l1) and X(15)., 1In

subroutine P¥, the P(x,j) function has been redefined for X(15). The flag

KQUT, which is automatically set and is not a data input, determines which

SIS G vor Dt L R TR

P(z,j) function to use.

5.3. RIPPLE OF FIXED DISPENSERS: INPUTS NB, S2, TABLE, OR CLi, Q%

RN T R R

We consider a ripple of ¥ fixed dispensers actuated with a common aiming error

i b

according to an aiming point pattern., From each dispenser, NB subweapons are re~
leased. In range, the ballistic dispersion for thec subweapons within each dispenser
is given by an empirical tat:le. In deflection, each subweapon is assumed subject

¢ to a gaussian ballistic error with standard deviation S2. The range pattern is

R S T R A T

fitted by an approximating function, the stick distribution H(x/Q0,CL1/Q0), dis-

cussed in Sec. 2.2.2c and App. B, through the use of the two parameters CLl zad @O.

Figure 2 presents a flow diagram of the computer program for a ripple of

fixed dispensers The fractional coverages X(2), X(12), X(3), Y(13), X(4), and

X(14) are answers co the problems in Sec. 4.1,

P R TS R TR TS F TR AT
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QDHF
A
READ
DATA
CL1,Q0,
Kogur=0 R1,R2,81,52

PP
f—"
YES . NO 5
N12<0? K12 - 450 K6

] HS
CL1,Q0,
R1,R2,51,52

SET
KP=13 A4l

Kop=1 :_—7<"£>

| cLt,qo,

kpur=1 B3,B4,5),52

, NO SET ’@
N 1 ke=l1a 430 aa

Fig. 2--Ripple of Fixed Dispensers
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The program is deacribed as follows:

¢ The fractional coverage rfor = ripple of fixed dispensers agaius: a fragmens-
aensitive target is X(12). The inputs are Rl, R2, D1, and D2; the appro-
priate reference is Eq. (4.9).

e The approximation to X(12) is X(13). The computation involves only a
single integration. 1t is thus faster than the computation for X(12), but
a degree of accuracy is lost., The appropriate reference is Eq. (4.18).

e The fractional coverage for an impact-gensitive target is X(14}. The

inputs B3 and B4 are necessary. The appropriate reference is Eq. (4.13).

s The fractional coverages X(12), X(13), and X(14) use CLl and QU, which
are dispenser range ballistic parameters. If the bdallistic data are ‘-
tabular form, i.e., CNPT=l, and the table is read ac an input array, set
CLl=1 and Q0=0. The actual values will then be computed.

e The {ractional coverages X(2), X(3), and X(4) are the same as X(12), X(13),

and X(14); however, they are restricted to ¥=1 and NB<30.

5.4. RIPPLE OF PATTERNS: INfUTS S3, S4, NB, R

We consider a ripple of N patterns, each containing NB gubweapons, delivered
with a comaon aiming error according to an aiming point array for the patterns.
The A(J), B(J) of Sec. 5.1.3 are now the pattern aiming points. Each pstrern is
subject tc a gaussian ballistic error with standard deviations S3 and S4 and to a
reliability factor R. The NB svbweezpons are assumed to be uniformly distributed
within the pattern. In the computation: we had to make one of two assumptions.
The firgt was that the damage level was uniform throughout the pattern. This as-
sumption ignores the edge effects and is valid whexnever the pattern area is much
larger (say, 16/1) than the target area 4-Bl<B2 or the MAE=n+R1+R2, Cases for which
this assumption is made will be designated as '"no edge effects." For some cases,
the edge effects may be considered i{f the ballistic error standard deviations S3 and

¢ S4 ave ignored. These cases will be designated as "eége effects."
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5.4.1. Rectangular Patterns: GCL3, GCL4

Consider a ripple of N rectangular patterns of dimensions 2GCL3, 2GCL4, de-
livered with a common aiming error according to an aiming point array.
Basically, the flow diagram for a ripple of patterns is the same as that for

a ripple of fixed dispensers. (See Sec. 5.3.) The coverage X(103) for a fragment-

sensitive target, ignoring edge effects, is computed according to ... (4.28). The
inputs, which are derivad from empirical data, are GCL3 and GCL4, which are the
rectangular pattern dimensions; Rl, R2, Dl, D2, R; and $3,5420, The coverage X(103)
should be restricted to the cases in which GCL3/R! and GCL4/R2 are greater than 5.
If these ratios are not greater than 5, the coverage X(104).fot a fragment-sensitive
target, including edge effects (i.e., S3=S4=0), should be used, The coverage X(104)
is computed according to Eq. (4.35).

The coverage X(lOS)ﬁéor an impact-sensitive target, ignoring edge effects,
requires inputs 33, B4, and §3,5420., The ratios 2GCL3/B3 or 2GCL4/B4 must be
greater than 5. If they are less than 5, the coverage X(106) for an impact-
sensitive target, including edge effects, should be used. The coverage X(105)

is computed according to Eq. (4,46) and X(106) according to Eq. (4.49).

5.4.2. Ripple of Elliptic Patterns

The flow diagram for the following three cases is the same as that for the
cocrresponding rectangular cases, The coverage X(107) for a ripple of N elliptic
patterns against an area of fragment-sensitive targets, ignoring edge effects, is
computed according to Eq. (4.59). The coverage X(107) should not be used if the
ratios ET1/Rl or ET2/R2 are less than 5. The coverage X(108) for a ripple of ¥
elliptic patterns against an area of frsgment-sensitive targets.'including edge
e{fects, should be used instead. The coverage (108) is computed according to
Eg. (4.65).

The coverage X(109) against an area of impact-sensitive targets, ignoring edge
effects, 18 computed according tc Eq. (4.70). The coverage X{109) should not be

used 1f the ratios ET1/Bl or ET2/B2 are less than 5; $3 and S4 should not be zero.
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5.4,3. _LEllintic Annulus Patterns: ETL, ET2, W1, W2, R

We consider a ripple of N elliptic annulus patterns that are delivered with
a common aiming error according to an aiming point array. The axes of the outer
ellipses are ET1 and ET2, while those for the inner ellipse are Wl and W2. The

computation for the elliptic patterns involves the elliptic coverage function,

which s time consuming. In each of the following cases, a circular approximation
is given, at approach that {s fast and in many cases gives a very close approxi-
mation. Further, if we ave dealing with circular patterns, we may use these
approximations in place of the elliptic patterns of the previous section by setting
the inner radius to zero.

The coverage X(110) for a ripple of N elliptic patterns against an area of
fragmeat-sensitive targets, ignoring edge effects, is computed according to Eq.
(4.79) if the flag N110=1, [f the ratlos ET1/R1. ET2/P2, W1/Rl, or W2/R2 are less
than 5, it is preferable to use X(ill), which takes edge effects into account.

For the specfal case in which the ellipses are circles, Rl=R2 and S3=S54, the
special approximation may be used if the ratios ET1/S3 and W1/S3 are larger than
3. In this case, the coverage X(100) for a ripple of N circular annulus patterns,
ignoring edge effects, is computed according %o Eq. (4.81) if the flag N10O=],
Again, we may use X(100) at times in the elliptic case by converting the ellipses
to circles of the same area and converting the ballistic errors to the circular
case as above.' Likewise, X(100) may be used in place of X(107) under the same
restrictions by setting the inner radius to zero. The coverage X(111) for a ripple
of N elliptic patterns against an arvea of fragment-sensitive targets,.considering
edge effects, {8 computed according to Eq. (4.82), if the flag Nlll=l,

For the specfal case in which the cllipses are circles and R1=R2, the coverage
X(101) for a ripple of N circular annuius patterns against an area of fragment-
gsensitive targets is computed from Eq. (4.84) {f the flag N10l=l., We can use X(101)
under these conditions in place of X(108) by setting the inner radius equal to zero.

The coverage X(112) for a ripple of N elliptic annulus patterns against an

area of i{mpact-sensitive targets, ignoring edge effects, is computed according to




6=

Eq. (4.85) if the flag N112=1. In general, X(112) should not be used if the ratios
ET1/Bl, El2/B2 are less than 5. 1f the ratios W1/Bl or W2/B2 are less than 5, it
is better to set Wl and W2 to zero and use X(109).

For the special case in which the ellipses are circles, i.e., ET1=ET2 and
#1=42, and the ballistic error is circular, i.e., S3=54, a special approximation
may be used if the vatios ET1/S3 and W2/83 are larger than 3. In this case, the

coverage X(102) for a ripple of ¥ circular annulus patterns against an area of
impact-sensitive targets, ignoring edge effects, is computed according to Eq. (4.87)
if the flag N102=1. The same restrictions apply as for X(112) for the ratios
ET1/B1, ET2/B2, W1/Bl, and W2/B2. Since the computation time for X(102) is much
smaller than for X(112), it is sometimes worthwhile to use X(102) even in the el-
liptic case by converting the ellipses to circles of the same area, and by con-
verting the ballistic error to a circular case, letting S=S3=S4 be the equivalent
ballistic standard deviation in both directions. Likewise, we can use X(i1G2)

in place of X(109) under the same restrictions by setting the inner radius tu

Zero.

5.5. SUMMARY

The following tabular listings summarize the problems that are coded and pro-

vide a reference for further information.

RIPPLE OF BOMBS, SEC. 5.2

Output Deseription Reference
xX(11) Fragment-sensitive target Eq. (3.7)
X(1) Fragment-sengitive target; limited to the

case of Ns12 Eq. (3.13)
X{15) Impact-sensitive target Eg. (3.20)
X(5) Impact~gensitive target; limited to the

case of NsSi2 Eq. (3.21)

NOTE: Thke computations for X(l) involve no numerical integrations,

merely a finite sum. It is very fast and more accurate than X(11) if
N is small,

— e
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Output

X(12)
x(2)

X(13)
X(3)

X(14)
X(4)

Output

X(103)
X(104)
X(105)
X(10%)

Output

X(107)
X(108)
¥(109)

Output

X(110)
X(111)
X(112)

Output

X'100)
xqon
X(102)
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RIPPLE OF FIXED DISPENSERS, SEC. 5.3

Description Reference

Fragment-sensitive target Eq. (4.9)
ragmeni-sensitive target; limited to the

case of ¥=1 and NBS30 Eq. (4.11)
Approximation for X(12); faster in compu-

tation time, but nct as accurate Eq. (4.18)
Approximation for X(12); limited to the

case of N=l and NBsS30 Lq. (4.19)
Impact-sensitive target Ea. (4.13)
Impact-sensitive target; limited to the

case of N=1 and NBs30 Eq. (4.14)

RIPPLE OF RECTANGULAR PATTERNS, SEC. 5.4.1

Deseription Reference
Fragment~sensitive target, no edge effects Eq. (4.28)
Fragment-sensitive target, with edge effects Eq. (4.35)
lnpact-sengitive target, no edge effects Eq. (4.46)
Impact-gensitive target, with edge effects Eq. (4.49)

RIPPLE OF ELLIPTIC PATTERNS, SEC. 5.4.2

Deseription Reference
Fragment-sensitive target, no edge effects Eq. (4.59)
Fragment-sensitive target, with edge effects Eq. (4.65)
Impact-sensitive target, no edge effects Eq. (4.70)

RIPPLE OF ELLIPTIC ANNULUS PATTERNS, SEC. 5.4.3

Degeription Reference
Fragment-sensitive target, no edge effects Eq. (4.79)
Fragment-sensitive target, with edge effects Eq. (4.82)
Impact~sensitive target, no edge effects Eq. (4.85)

RIPPLE OF CIRCULAR ANNULUS PATTERNS, SEC. 5.4.3

Description Refercre
Fragwent~sensitive target, no edge effects Eq. (4.81)
Fragment-sensitive target, with edge effects £q. (4.84)

Tmpact-sensitive targat, no cdge effects Eq. (4.86)
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QDHP PROGRAM INPUTS .

been
Data
Data
Data
Data
Data
Data

Data

Data

Data

Data

Data

Data

Data
Data

Data
Data
Data
Data

Data

Data
Data
Data
Data

Data
Data

The entire datz deck for the QDHP program is read as an array. Space has
provided for up to 1200 entries. A brief description of the entries follows,

(1)=PRO=number of problems to be processed.

(2)=CN=number of weapons.

(3)=CNB=number of bomblets per dispenser.

(4)=CNVI=number of intervals in the ballistic pattern density distribution
table plus 1.

(5)=CXAJ=1 if the aiming pattern offsets in range sre uniform;

=0 if the aiming pattern offeets are not uniform and must be read in.
(6)=CXBJ=1 1if the aiming pattern offsets in deflection are uniform;

=0 otherwise., Must be read in.
(7)=CNPT=1 if there is a ballistic distribution table to be read in:

=0 otherwisge.

(8)=CN =1 1f the distributicn of the density values in the ballistic tcble
is cuni:lative;

=0 otherwise.

(%)=FIMP=the number of weapons per DPI (desired point of impact). This al-
lows more¢ than one weapon to be assigned per DPI; i.e., CN/(FIMPSAJJ)
must be an integer 2 1. FIMP#AJJ must equal CN if the weaponc are
being dropped one at a time.

(10)=4ANNO=a special flag to skip parts of the program. Ser = 0 to compute
any X between X(1) and X(5). Set =1 to compute any other ¥ and
set = 2 to compute a combination of X(1) through X(5) and any other
X vslues,

(11)=ANl=1, Compute X(1). Otherwise, set to 0, This defiinition of 1 that
means "compute' and 0O that means '"do not compute" is followed for
all flags on the X values. The AN number corresponds to the X num-
ber to be computed. X(1) is used for fragment-sensitive targets.
Restriction CN<12. For larger CV, use X(1l1).

(12)=AN2=1. Compute X(2). <Case of a long, narrow, fixed, dispenser-type
pattern, Pestrictions (CN=!, CNB<20). Otherwise, use X(12).

(13)=AN2=], ‘mpute X(3). An expansion case of X{13). (CN=l, CNBs30).

(14)=AN4=1. Co.. *e X(4). Used for a dispenser pattern against a hard tar-
get. (Ch  CNBs30). Otherwlise, use X(14).

(15)=4AN5=1, Compute o "‘. Impact-sensitive target. (CN<4). Otherwise,
use X(15).

(16)=AN10=1, Compute X(l0, Hand method. Karely used.

(17)=AN11=1, Compute X(1l). ~d for fragment-sensitive target with CN213.

(18)=AN12=1, Compute X(12). Use Cor a fixed dispenser weapon against a
fragment-sensitive target. ads R1, R2, CL1, Q0, Sl, and S2 inputs.

(19)=AN13=1, Compute X(13). An approx. “ion to X(12). One assumeg a uni-

form distribution of the bomblets vange over the distance 2xCL3
and a gaussian distribution in defle.. -.

(20)=ANt4=1, Compute X(14). Similar to X(12) for . ‘xed Jdispenser pattern

against a hard target.

(21)=AN15=1. Compute X(15). Used for impact-sensitive ta.. Needs 83

and 24 inputs, the target dimersions. (CN>4).

(22)=A4100=1. Compute X(100}. Case of a ripplie of dispensers with . ‘ah~

nut or circular pattern. Used for fragment~sensitrive target w.
no edge effects.

(23)=A101=1. Compute X(101). Fragment-sensitive target with odge effeuts.

(24)=A102=1. Compute X(102). Vulnerable arra, no edge effects

(25)=A103~1. Compute X(103). Series of rec:angles. fragment--.-nsitive target,

but no edge effects.
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Data (25)=A104=1, Compute X{104). S3 and S4 must equal 0. Series of rectangles,
s fraguent-sensitive target with edge effects.

3 Data (27)=A105=i., Compute X(105). Series of rectangles, vulnerable area, but no
- edge effects.

o Data (28)=4106~1. Compute X(106). Seriss of rectangles, vulnerable area with edge
- effects. 83 and S4 set to O,

k Data (29)=A107=1, Compute X(107). Must have values for S3 and S4. Series of

-~
e w42

§ ellipses, fragment-sensitive target, no edge effects.

} Data (30)=A108=1, Compute X(108). S3 and S4 equal 0. Series of ellipses,

{ fragment-sensitive target with edge effects.

: Data (31)=A109=1, Compute X(109). 53 and S4 must ue > 0. Series of ellipses,
1 vulnerable area, no edge effects.

§ Data (32)=A110=1, Compute X(110). S3 and S4 must be > 0. Elliptical annulus,
;

f

$

——
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fragment-sensitive target, no edge effects

Dcta (33)=Alll=l, Compute X(111), S3 and 54 must be O. Elliptical annulus,
fragment-sensitive target with edge effects.

Data (34)=Al12=1, Compute X(112), S3 and S4 must be > 0. Elliptical annuius,

PSERSINZ e

vulnerable area, no edge effects.

Data (25)sDwdesired spacing in range in feet between bombs.

Dats (36)=DFe=desired spacing in deflection in feet between bombs.

Data (37)=SPsthe product of the reliability factor and the probability of a kill
if hit, providing it is known. Otherwise, 1.

Data (38)=AJJenumber of wing stations 2 1.

Data (39)=A3=target area dimension (length). If you are considering a point target,
A3ep4=0,

Data (40)~A4mtarget area dimension (width).

Data (41)=B3=target dimersicn for a hard target. Length 2 1.

Data (42)=B4=targer dicension for a nard target, Width 2 1.

Data (43)=Sl=bomb ballistic standard error in range. (A fixed dispenser is con-
sidered a bomb.)

Data (44)=S2sbomb ballistic stancard error in deflection.

Data (45)=S3wdispenser bsllistic standard error in range.

Data (46)=S4=dispenser ballistic standard error in deflection.

Data (47)=Tl=aim standard error in range. op»REP1,4528,

Data (48)aT2=aim standard error in deflection.

Data (49)»SUl=cocrdinate of the aim point in the x direction for an offset target.

Data (50)=SU2=game as Data (49) but in the y direction.

Data (51)=Ul=the number of steps used in integration over & quarter of the total
space. In general, Ul=8, If CL1 is too amall, an increase in Ul will
solve the problem.

Data (52)’”2’”10

Data (53)=CLlmone~half the length of the dispenser ballistic table.

Data (54)=Q0=gtandard error of the tabular vaiues in range of the dispenser bal-~
1listic table. :

Data (55)=R1meffectivaness radii in range in the case of an MAE type of effective-
ness index, {.e., MAE= ‘R1.R2, Rlal.

Data (56)=R2meffectivencss radii in defiection. R22i.

Data (57)=Dl=initial value constant when a Carltnn-type damage function is used.
In general, Dl=1,

Data (58)=D2eD1,

Data (59)=Rareliability factor for a dispenser, if known. Otherwise, 1.

Data (60)=Wl=inner semiaxis of a dispenser elliptical annulus in the x dirrction.

Dats (61)wi2=igner semiaxis of a diapenser elliptical annulus in the y direction.

Data (62)=ET1souter semiaxis of a iispenser elliptical pattern in the & direction.

Data (63)=ETi=outer semiaxis of s dispenser elliztical pettern in the y direction.

Data (64)GCL:ichalf the dispenser reccangular pattern dimension {n the x direction.

Data (65)=GCLA=half the dispenser rectangular pattern Jimension in the y direction.

Data (66)=UUS=number of integration staps for offset ellipse function. Use 40.
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Data (67)»VV" ..arting point for integration for offset ellipse function, Use 9.
Data (68}-4vUM=1 if dispenser deliveries against rectangular target areas are to be
computed. X(100) through X(112). Otherwise, 0,
Data (101)=A=[A(J),J=1,N] array. Table of aim poinvs if spacing (D) is not uni-
form in range. CXAJ=0,
Data (301)=8=[B(J),J=1,N] array. Table of aim points if spacing (DF) is not uni-
form in deflection, CXBJ»0,
Data (501)=SVI=SVI(J),J=1,NVI. Intervalz on the ballistic tahle. First value
must be 0. NPT=1,
Data (601)=BPI=BPI(J),J/=1,NVI. Density values on the ballistic table. CN(CP=(.
Data (701)=TI«TI{Jj) ,J=1,NVI. Cumulative density values on the ballistic table.
CVCPx],

5.6.1, Input Method Used in QDHP Program

The first card is tue number of the first problem to be solved and must
be an integer. It is read in on I5 format, If the user is cut off because of
interval timer overflow before he has processed all hia cases, the process allows
minimum reassemblage of the data deck without interrupting the run sequence. The
entire data array is read in on format (5I1,I7,5F12.11).

The first five entries are flags to read or skip a data field on that card,
A blank or zero means r:ad and store, and a one means skip the field. This system
of reading data allows the user to read in only the inputs thac he wishes changed
for subsequent runs, In the second field of each data card is the index of the
first data item on that card. The data are read five items per card. For ease
of keypunching, left adjust all data items. A minus sign in column 8 of the last
data card of the data deck is essential tu mark the end of the set. To run ad-
ditional cases, add the data cards with the chenged parameters and the appropriate
flags in columns l through 5. The last changed card will have a minus sign in
column 8,

The listing on the opposite page presents typical data entries for three

cases; the computer program for the simplified weapons evaluation model follows:
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Columns
1-5 10-12 13 14-24 } 25 | 26-35 | 37 38-48 | 49 50-60 | 61 62-72
1 * PRO * CcN t CNB * CNVI * CXAJ
6 CXBJ CNPT CNCP FIMP ANNO

11 ANL AN2 AN3 ANG ANS
] AN10 AN11 AN12 AN13 AN14
21 AN15 A100 AlOl Al102 Al103
26 Al04 Al1CS5 A106 Al07 Al08
31 Al109 AllD Alll All2 D
36 DF SP AJJ A3 A4
41 B3 B4 Sl 52 S3
46 S4 T1 T2 SuU1 SuU2
51 Ul U2 cLl Q0 Rl
56 R2 D1 D2 R w1l
61 w2 ET1 ET2 GCL3 CL4
66 Uus V5 ANUM
101 A
301 B
501 SVr
601 BPI
701 il

10011 46 T1 72

10010 1 i/

11101 h FIMP

10011 46 Tl 72
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5.7. COMPUTZR PROGRAM FOR SIMPLIFIED WEAPONS EVALUATION MODEL (For Systen 360/6%)

C UPDATED MASTER DECK QDHP PROGRAM RM-56T7 AS LDADED ON DISC AT RAND
DIMENSION A(200),B(200),A22(200),822(200}1,DATA11200)
DIMENSION SVI(100},8P1(100},T1(100)
COMMON DATA
COMMON SE4+SE3.U3¢U%92,+SQ195Q29Q1+Q29CL2yPL¢SP1,SQ3,CoCL3,AT1,AT2
COMMON B8S!¢BS2¢SEL2¢SE22,559CA5,SH3,SW4ST1ySU2,5U4,ALL,AL2,SHI
COMMON FCL3,FCL49ESL9ES2¢ERI yER2)ETBLoETB29WRLyWR2yWB1  WB2,WSLoWS2
COMMON A22,8224A1,A2981,B2
COMMON SQR2,SPT2sPI2yAJMX,BIMX, TUL,TU2,T12,T22
COMMON R32,RD1,RD2+SPRySH12,5W22,SRR
COMMON SN100,SN101,SN102,SN110,SN112,X112
COMMON X1004X1019X1029X20039X106¢X105:X2069X1079X108,X109¢X110,2111
COMMON N1IOGOsN1014N1024N110,N112, INUM
COMMON KK KOUT ¢KOOsKO,K21:LU3oLUSNyNB,LUS
EQUIVALENCE (DATA(L1)oPRO),(DATAC2).CNJ 9 (DATAL3),CNB)o(DATAL4) ,CNVI]
) o (DATALS) yCXAJ) 9 (DATAL6) 9 CXBID o (DATALT) yCNPT )y (DATA(B) 4CNCP S ¢
({ODATA(9) 4FIMP) o (DATA(L10),ANNOJ o (DATALE1),ANL) ¢ (DATA(12),AN2),
(CATA(L3)9AN3) o (DATALL4) )ANK) o (DATE(LS) oANS) 4 (DATA(L16),AN1O)
fDATACLT) ¢ANLL) , (DATA(L8) ,ANL12)-(DATA(1S)yAN13), (DATA(20)4ANL4),
(DATA{25) 9ANLS) o (DATAL22) yAL00) o (DATA(23))A101), (DATA(24),AL02),
(DATA(25)0A103) o (DATA(26)9AL104) s (DATA(2T)AL105),(DATA(28),A106),
(DATA(29)+sA20T) o (DATA(30)4A108),(DATA(2]1),A109),(DATA(32),yA110)
EQUIVALENCE (DATA(33),A111),(DATA(34),A112),(0ATA(35),D)(DATAL36)
sOF ) o ({DATA(3T) ¢ SPIo(DATA(38) sAJJ) 2 (DATA(39)9A3) o (DATALLD),A%),
(DATA(&1)983){DATAL42)¢B4), iIDATALA3)2S1) o (DATA(44),52) (CATA(4S)
90S3) o {DATALL6)¢54) ¢ (OATALLT)oTL),y (DATA(S8]} 72, (DATAL49),S5U1),
{DATAL50),SU2},iDATA(SL),UL), {DATA(S52)cU2), (DATA(S53),CLL),
(OATA(S54),Q0) s (DATALSS5),R1) o {DATALS6),R2) y(DATALS5T) ¢D11){DATA(SS)
2D2)  (DATA(59)9R) o (DATA(60)sW1 ), (DATA(6L)yW2)y (DATALS2)4ET]),
(OATA(63) oET2) o (DATAL64)9GCL3) o (DATA(65),GCLS)
EQUIVALENCE (DATA(66),UUS)o(DATALSET)VYV5) (DATA(68),ANUN)
EQUIVALENCE (CATA(L101)4A)o(DATAC(301),8),{DATA(S501),SV1),(DATA(60])
1 48PI}s(DATA(TO1)A,T1)
2 FORMAT {(8F10.4)
3 FORMAT (1HO 96X 9 1HO9X ¢ 2HDF ¢ 8X 9 2HSP e IX o 1HN ¢ 9% 9 2HNB » TX s IHNYI o TX 9 IHNNS
173F10.2+4110)
FORMAT (1HO3X,13HALL A(J) = 0.)
FORMAT (1HO3X,13HALL E(J) = 0.)
FORMAT (6E20.8)
FORMAT(2A601X411,615)
FORMAT (1H1,1X92110,615)
FURMAT (1HOSX 2 3HCL Ly TX92HQO 98Xy 2HUS ¢ 8K 9 2HUS ¢ 8X 9 IHSES ,TXy 3HSES,9Xe 1
1HE 99Xy 1HC/1IH 2X,8F10.5)
10 FORMAT (1HO94X yZHA3 oCX o 2HAR8X ) 2HBI o BX o 2HBL 98X 9 2HS1 o8X92HS2 98X ¢ 2HS
13,8X¢2HS4/8F10.4)
11 FORMAT (LHO o4 X 92HTL 98X 9 2HT 2, TX 9 3HSUL o TX e IHSL29B8X o 2HUL » 8X 9 2HU2 48X, 2
1ML Lo X9 2HQO/BF10.4)
12 FORMAYT (LHO3IX,4HA(J))
13 FORMAT (1KO3X,4HB(J))
14 FORMAT (1615)
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IS5 FORMAT(LHOSX94HX{1)eb6Xe4HX(2) 96X y4HX{ 3) 96Xy 4HX(4) 96X 94HRKIB) /74X 45F
110.6)
16 FORMAT (1HO5Xs06F10.643£20.8)
17T FORMATULHOSX s SHX{10) ¢ 5Xe SHX{L11) 95X oSHXIL2) 95XeSHX(13)95Xe5HX(14)+5
LXoSHXELS ) 95Xy SHX{30)/ /74X 9 TFLO46//1H SKeO6HX(100) 9 4Xs6HX{102) 94 Xy6HX
20.02)94Xob6HX(103)¢4Xs6HX1104)24X,6HX1105)44Xs6HK(206)7/74XcTF10.6//
3LH SKe6HX{LOT) 4Xo6HX{108) 94Xe6HX(309) 94X o6HXI110)94Xo6HX(LL11}y4X,
A46HX(312)//74X47FL10.6)
19 FORMAY (1HO 94X ¢3HET1y TX9IHET206X 9 4HGCL 39 6X9 GHGCL %9 TX o IHUUS o TXy 3HVV
15/8F10,4)
22 FORMAT(1HO2X 9 2HNOy3X9 2HN1¢3X92HN2y3X92HN3 43Xy 2HN& 93X 92HN5 . 5H N10O,
15H N11,5H N12,5H N13,5H N14y5H N15/1615)
24 FORMAT (1HOp4X92HRL 98X 92HR2 98Xy 2HDL 98X 9 2HD2 99Xy LHR 98Xy 2ZHW1 9 BX ¢ 2HW2
1/8F10.4)
25 FORMAT (1HO2X,3H NOyS5H N100y5H N101,5H N102,5H4 N1C3,5H N1O4,5F N1O
159¢5H N106,5H N1OTo5H N108,5H N109,5H N110,5H Nil11+5H N112/1615)
2006 FORMAT{1IHOL111H EQUATIONS ARE INCONSISVENT. CL1 MUST SATISFY B0TH
1ICLL < OR = TO C*SQRT{3.) AND CL1 > OR = TO 1./2./AdJ. Q0=0./61H IF
2THt TWO ABOVE VALUES FOR CL1 ARE CLOSE, CHOOSE ONE AND GO.)
2007 FORMATI(1HO+61H CHECK INPUTS AJJ AND FIMP. CN/(AJJSFIMP) MUST BE AN
1 INTEGER.)
132 FORMAT {(1HO476H THERE IS NO SOLUTION. THE BOMBLET [MPACT POINTS
1 ARE BUNCHED MORE THAN IN/L1H +66H A GAUSSIAN DISTRIBUTIGN. WE HAVE
2 ASSUMED A GAUSSIAN DISTRIBUTION,/LH ,8Th 1.E. WE HAVE SET CL1i=0.
3 AND QO0=Cy THE STANDARD DEVIATION OF THE TABULAR OISTRIDUTION.)
742 FORMAT (1HO,7TOH  THERE [S NO SOLUTION. PRNBABLY THE TABULAR DISTR
LIBUT(ON IS BIMODAL./1IK ,T7TH WE HAVE USED A UNIFORM DISTRIBUTION
2FOR THE RANGE DISPENSER BOMBLET IMPACTV/IH +4TH PATTERNy I.E. WE S
IET Q0=0. AND CL1=C#SQRT{3).)
32 FORMAT(12)
34 FORMAT (1HO,6Xs6HSYI(J))
35 FORMAT (1HO6XSHTI(J))
36 FORMAT (1HO,6X,6HBPILI))
39 FORMAT(1HO3X,4HKG =15,F10.6)
00 1003 I = 1,1200
DATALL) = o.
1003 CONTINUE
Pl = 3.14159265
P12 = Pl * 2,
oP1 = SQRT(PI)
SP12 = SPI * .5
SQR3 = SQRT(3.)
SQR2 = SQRT(2.)
READ (5¢14) NUM
1111 CALL DECRD (DAVA)

40 NPRO = PRO + .000001
N = CN ¢+ 000001
N8B = CNB ¢ ,.000001
NVl = CNVI+ ,000001
NXAJ) = CXAJ+ 000001
NX8J = CXBJ+ 000001
NPT = CNPT+ .000001}
NCPT = CNCP+ .00000Y
NINP = FIMP+ .0C0001

NN& ~ AJJ ¢ ,000001
INUM = ANUM ¢+ ,000001
NO = ANNO¢ .000001
N} = ANl + .000001
N2 = AH2 + .000001
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N3 £ AN3 + ,000001
Né = AN& + .000001
N5 = pro +»00000?
N10 = | t,u¢ 000001
N1l = ANli+ 000001
N12 = ARlZ+ .000001
N13 = AN13+ 000001
Nl4 = ANl4+ .000001

N15 = ANLS5+ .000001
IF (INUM.EQ.0) GO TO 55
N100 = A100¢ 000001

N101 = A101+ ,000001
N102 = Al”2+ .003001
N103 = Al103+ ,000001
N104 = AlO4+ .009001
N105 = AL05+ .000001
N106 = Al06+ .000001
N107 = AlOT+ .000001
N1C8 = A108+ .Q0UD01
N109 = AL09+ .000001
N110 = A110+ 000001
NL11l = Alll+ .000021
N112 = Al12+ ,000001

55 LUS = UUS + 000001
WRITE (698) NUM¢NPROYNXAJSyNXBJI NPT NCPT,NIMP, INUK
IF{:NUM.LTL0) GO TO 57 .
WRITE (6922) NOoN1oN2,N3 N4sNS5,NLOJNL1N12:N13,N14&,NLS5
GG TO S6
ST WRITE(6925) NOYNLOOJNICLIyN1O2yNLIO3,N104,NL1OS5,N106N107,N10B,N109,
INLROGNLLLsNLZ2
56 NRITES693) DyDFySPoM¢NB,NV] sNN& °
ANN& = AJJ
ANN3 = CN/(ANNGSFIMP)
IZ = [FIX{ANN3)
AIP = 12
FP3 = ANN3 -~ AlP
IF(FP3.EQ.0.) GO TO 58
WRITE (6,2007)
GO 10 392
58 WRITE(G6,10) A3,A4,83,84,51,52:¢53,54
WRITE (6411)71,T2,5U1,S5U2,U1,U2.CLE,Q0
WRITE (6924) R1gR2¢D1,D24RoeWioW2
MRITE (6,19) ET1,ET2,GCL3,GCL&,UUS,VV3
IF(7iPT.EQ.0) GO TO 73
WRITE(G6,34)?
WRITE (692) (SVItJI)od=leNVI)
IFINCPY.EQ.0) GO TO 94
KRITE{6,35)
WRITES6,2)(TH(J)eJd=mlyNVI)
BPI4L) =
00 92 K = 2,NVI
8PIIK) = TI(K) - TItK~-1)
92 CONTINUE
94 WURITE(6,436)
WRITE (6,2 (BPI(J)eJd=1,NV])
Tl = 0.
00 27 X = 2,NV]
TE(K) = TI(K-1)+BPL(K}
27 CONTINUE
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93 S5N100 = 0.

SN101 = O,

. SN102 = 0,
4 SN11G = O,
SN112 = O,

‘ IF(T1.EQ.0.) T1= .00000001
T IF(T2.EQ.0.) T2= ,00000001
Al = A3 & .5

! A2 = A4 % .5

: 8l = B3 & ,5

! 82 = 84 » .5

i CN1 = CN - 1.

CN12= (CN+¢1.)s.5

ey { WP g s £y wuves fhg 6w

$12 = S1sS})
Lo $22 = $28S52
i TUL = T1eul
D . Tu2 = T2%y2
; ST1 = SUL/T1
i T12 = TIsT1
¢ T22 = T2%T2
¢ AT1 = AL/T]
Lo ATZ = A2/T2
; 5V2 = SyY2/12
871 = Bl/T1
R12 = R]l%R1
R22 = R2%R2
8S1 = 0.
8s2 = 0,
TF(S1.NE.O.} BS1 = B1/S1
IF{S2.NE.0.) BS2 = 82752
10112 D012 = D1#D1
022 = 0D2%D2
NKL = N~ |
RD1 = R12/(2.#*01)
RDZ = R22/(2.%D2)
ALl = SQRT(RDI)
AL2 = SOQRT{RD2)
X1 = C.
X2 = 0.
X3 = 0.
X4 = 0,
X5 = 9,
X10 = 0,
Xi1 = 0,
X12 = 0O,
X13 = 0.
X14 = 0,
X15 = 0O,
X30 = 0,
X100 = 0,
X101 = 0.
X102 = 0.
X103 = 0.
X104 = 0.
X105 = 0O,
X106 = 0.
X107 = 0.
X108 = O,
X109 = O,
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X11iC = 0, .
X111 = 0,
X112 = Ve
€E = Q.
C = 0.
KC = 0
KPC = @
NRST = @
€0 300 J = 1,N
IP = 1 ¢ (J=1)/7(NIMPSNNA}
cip = 1p
IF(NXAJ.NE.1) GO TO 1768
AlJ) = C(CIP-ANN3S .5~,.5)
03 = D
1798 A22(J) = A{J)sAlJ)
IF(NXcJNELL) GO TO 1799
AJ =
JE = (Ad-1.)/7MNSG
FPC = JF
B(J)*((2."J°l.!°ANN6‘(2.‘FPC€I.’)‘DF‘.S
S04 = DF
1799 822¢J43 = BLJ)eBLJ)
300 CCNTVINUE
IFINXRJLEQ.1} GO 7C 1798
IFINJNELLIGO TO 301
SC3 = 0,
GC vC 1795
301 AJMX = ALY
AJPN = AL1)
DC 302 J = 2,N
$F(ALJI.GT.AJNX) GC TC 303
TECAGI)ALTAINNS AUNN = A(§)
60 T0 302
303 AKX = ALY)
302 CONTINUE
SC3 = (AJNX-AJMN)I/CNIL
1795 IF(NMXBJ.EC.L) CC TC 1994
(FIN.NEL]) GC TC 1796
SC4 = O
GC TC 1994
1796 BJMX = B(1)
BIMN = 8(1)
€0 306 J = 2,N
IF(BLY).GT.8JIFX) GC TC 305
TF(BIJ).LT.BIMN) BIMN = B(J)
GC TO 304
305 BJMK = B(J)
3C4 CONTINUE
SC4& = (BIMX-BIMN)/CNI
1994 1F(SC3.6C.0.) CC TC 1996
WRIVE(6,12)
WRITE(Ey 2)(A(J}4J=1,N)
1797 IF(SC4 .€Q.0.) CO TO 1997
WRITE(6413)
WRITE(Ey 2)(B(J)J=x1,N)
GC 70 1995
1996 WRITE (694)
GO0 Y0 1797
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-75-

WRITE (645}

IF(CLL1.NE.l.} GO TO 312

st = 0.

IFINPT.EQ.O0) GO TO 312

SUSK = 0,

SMLM = O,

K¢Q = )

0N 716 LL = 2,4NVI

YZ = (SVI(LL) + SVI(LL~1)}e.5

SUSM = SUSM + V24BPI(LL)

V3 = SVICLLYSSVI(LL)SSVIALLI#*SVI(LL=-L)+SVI(LL=-1)8eSVI(LL-]1)
SHLM = SKHLM + V3/3,¢BPI(LL)

CONTINUE

C = SQRT(SKRLM=SUSMESUSM)

00 701 K = 1:NV]

IF(TI(K)«GEee25) GO TO 702

CONTINUE

J =K

SK1 = SVIUJ~1} + (SYITJ)=SVI(JU=1))8{{.25=-TR(J-1))/Z(TL(S)=TLLJI~})))
DO 703 K = 1,hV!

IF(TI(K)eGEaa?9) GO TO 704

CONT INUE

I=K

SX2 = SVI(I=Lie(SVI(E)=SVI{I=1))8({ 75~-TI(I-1))/(TLCL)=-TR(1~1}))
$X3 = (SX2-5X1)%,5

SX3C = SX3/C

IF{SX3C.GE..6743) GO TO 7028
WRITE(6,732}

60 TO 7085

EF(SX3C.LE.(SQR3%,5+,0001)) GO TO 7230
WRITE(69T742)

GO T0 708

IF(ABS (SX3C-SQR2%,5),LE..0001) GO TC 708
IF(ABS(SX3C~e6T44).LE..0001) GO TO 7085
21 = 0,

22 =

ST = C%.5

CSLZ = SQRT(3.%(CeC-S2¢S2))

CALL FF(0.9S5X3+CSZySZyAF)

CK = AF=,5

IF(ABSI{CK).LE..0001) GO TO 707
IFICK.LTe0,) Z1=S2Z

IFICK,GE.0.)22=52

S = (I1+412)%.5

IF(ABS(Z1-22}.LE..O1) GD YO 707

GO TC 7040

Q0 = SE

CL1 » SQRT(3.%(C#C-SI*SZi)

GO0 10 709

Q0 = 0.

CLL = SQR3%C

GO 10 709

CLl = 0.

Q0 = C

KPQ = ]

Q22 = QO * QO

SS5R = SP * SPI = R}

SPR = SPsP[osR1#*R2

$Ql = SQRT{(RDL + S12)
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3030
3031

306

3165
316h

‘3167
317

314
313

3175
318

3182
3181

3185
3192

3002
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SQ3 = SQRT(gV2 + RD1)

Ql = SQRT(SQ1eSQl + T12)

SQ2 = SQRT(R22/7(2.%D2)¢ S22)
Q2 = SQRT(SQ245Q2 + T122)

SSuU3 = ¢,

SSU4 = O,

AJMX = ABS{SUl -~ A(1))

BJMX = ABS(SU2 -~ B(1))
IF(N.EQ.1) GO TO 3031

DO 3030 J = 24N

A3UL = ABS(SUL -~ AtLJ)}

8SU2 = ABS{SU2 - B(J})
IF(ASUL.GT.AJMX} AJMX = ASU}
IF({BSU2.,6T.BJMX) BsMX = BSU2
CONT INUE

DO 306 J = 14N

NJ1 = N-J+l

SSU3 = SSU3 + ABSIA( NJII+A(Y))

S5U6& = SSUS ¢+ ABS(BI(NJ1)+B(J)})

CONTINUE
SU3 = SUl + SSU3

SU4 = SU2 + SSU4

Kk = |

IF(SU3.EQ.0.) GO TO 3165
Ul = 2,841

GG YO 3166

u3l = Uyl

IF(SU4.EQ:0.) GO TO 3167
Use = 2,812

GO 10 317

Ué = L2

tul = Y3

LUé = Us
IF(T1.£Q..00000001) GO TO 3192
SE1 = {4.4AT1)/U)

SEi2 = SEl & .5

AK = U3

Gg TO 313

AK = AK - 1,

AX = FXJ(AK)

CALL HEAXgAT]Y oHXL) -

AA = 1.~ HXL
IF(AA.GY..0001) GO YO 317%
GO0 10 314

SE3 =(SE12 ¢+ AX)/U1

SE2 = (4,¢AT2;/U2

SE22 = SE2 * .5

AK = U4

GC 10 3181

AK = AK - 1,

AY = FYJLAK)}

CALL HUAY AT 2,HXL)

AA = ] .,~HXL
IF{AA.GT,.0001% GO TO 3185
GO TO 3182

SE4& =(5E22 + AY)/U2
JFINO.EQ.O) GO TO 340
KQUT = 0

IF(INUM.GT .0) CALL Z100(NLIO3IyN10&¢yNLOSeNL10GyNLOT¢NIDByNLO9yN111])

e Py atsrem

—rii




~77-

Trrs 4 5 oo

P

IFINLILL.EQ.O) GU TO )24
KO = 11
IFIT1.E4.s00000001) GU TO 633
GSELl={AJIMX+4,%5Q1)/TU]
GSEZ = (BIMX + 4,%502)/TU2
SE12 AMINL(SE3,G3EL1) &, 5
Ste22 AMINL (SE4yGSE2)*.5
637 CALL A50
630 X111 = 2
ARITE (6439) KB, X11
324 IF(NL12.EQ.0) GO TO 325
KQ = 12

reensie

PEETean

S e s
"

PN} A S T

P IF(T1.£0..00000001) GU TO 723
\ GSEL = (AJMX + CL1 + 4.#503)/7Ul
: GSE2 = (BJMK + 4,#5Q2)/TU2
3 SEL2 = AMINL(St3,GSEL)*.5
< SE22 = AMINLISE4,GSE2)%.5

123 C = $SR/SQ3

CALL AS50
735 X12 = 1

WRITE (6,39) KO,X12
325 [FIN13.EQ.0) GO TO 332
820 CL3 = SQRT(CLL®#2 + 3.45Q3%%2)
IF{T1.£0..00000001) GG TO 825
GSE2 = (BJMX + 4.%5Q2)/TU2
SE22 = AMINL(SE4,GSE2)4.5
825 C = (SSR * .5} /CL3
KOO = 1
KO = 13
CALL A4l
840 X13 = 7
WRITE (6,39} KO,X13
332 KOUT = 1
IFINIS.EQ.0) GO 70 334
KO = 1§
IF(T1.EQ..00000001) Gf) TO 3033
GSEL = (AJMK + Bl ¢ 4.%51)/Tul
: GSE2 = (BJMX + B2 + 4.852)/TU2
SE1Z = AMINLISE3,GSEL)#.5
; SE22 = AMINL(SE4,GSE2)9.5
, 3033 CALL A50
; X156 = 2
) WRITE (6,39) KOyX15
: 334 IFIN14,EQ.0) GN TO 335
s KO = 14
- IF(T1.EQ..00000061) GO O 3341
; GSEL = (AJMX + CL1 + Bl + 4.%Q0)/TUl
j GSE2 = (BJMX + B2 + 4.$52)/TU2
j SE12 = ANINL(SE3,GSEL)®.S
' SE22 = AMINL(SE4,GSE2)s.5
3341 CALL AS0
X146 » 2
WRITE (6439) KOyX14
335 IFIN10.EQ.0) GO TO 336
1515 CL3 u SQRT(CL1#32 + 3,85Q3082)
CL4 = SQ2#SQR3
CALL FF(SUL,CL3oAL,T1,AF)
20 = AF
CALL FE(SU24CL4yA2,T2,AF)

3




153

1560
336
340

3400

392

1113
111z

2222

2
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2 = L0 * AF

SRC = SP*P1/4,%R1/CL3%R2/CLS

X10 = 2 * R % (l.~(1.-SRC)**NB)
CALL FF(SU1:B1,CL3,T1l,AF}

10 = AF

CALL FF(SUL1,82+CL44T2,AF)

1 = 10 #* AF

IF(AL.NEL.O.) GO TG 1560

X30 = 1, = (1.,-SP&2)#%%NB

Gi) YO 336

X30 = 0O,

IFINO.EQ.1) GO TO 392
SF{SD4.Nt.0.) GO TO 392
IF(T]1.,EQ..00000001) GO TO 3400
GSEL = (AJMX + Ble4.%S1)/77TU1
SEL12 = AMINLI(SE3,GSEL)*.5

GALL XRO{XEoX25X3aX4eX595D3,504%)
HWRITE (6015) X1eX29X39Xk XS
HRITE (6917} X1OoX11oX129X2139X14,X15¢X30,X1004X1019X1029X1039 X104,
1X1059X106,Y20T¢X106¢X2099:05109X121,X112
IF(XKPN.EQ.0) GO YO 1112

CLL = 1,

Q0 = 0.

[FINUM.EQ.NPRO) GO TO 2222

CALL DECRD {DATA)

NUM = NUM + 1

IF(SN10ONE.O..} N10O = SN10O
IF{SNIOl.NE.O.) N1G]1 = SN101
IF{SN102.NE.O.) N1O2 = SNL102
IF{SNI1O.NE.O.) N110O = SNI1LO
IF(5N112.NE.O.) NI12 = SN12
GO TO 40

CALL EXIY

END

SUBROUTINE 2100({N103,N1OA,N1OS,NkO6sNLOTyNLOB,NLO9yN111)}

DIMENSION A(200),8€200),A22(200)¢822(200)4DATAL{1200)

CONMON DATA

COMMON SE&,SE3,U3,U4%92+50295Q29Q1¢Q2+CL29P1oSPIySQ34CoCL3,AT]1,AT2

COMMON BS19BS2,SEL2+SE22955+C46S5)SWI,SHA,STL1oSU3,SUikeALL1AL2,35W]

COMMON FCL3,FCLA)ESL1yES20ER1JER2)ETBIIETB2)WRLIoWRZ2yWB1 1 WB2,NS14WS2

COMMON A22,822,A1,A2,B1,482

COMMUN SOR2,SPI2sPE29AIMX,BIMX, TUL,TU2,T12,T22

COMMON R32,RD1,R02,SPR,SK12,SW22, SRR

COMMON SN1OC,SN101,SN102,5N110,SN112,X112

COMMON X1009X101¢X1024X103¢X104¢X105:X1069X10T7¢X108,X109,X110,X111

COMMON NIOON1OL,N102,N110,N212, INUM

COMMON KK KQUT ¢KOOKOsK11,oLU39LUA¢NyNByLUS

EQUIVALENCE (DATA(33),A111),(DATA(34),A212),¢DATA(35),D),(DATA(36)
sDOF ) o (IDATAL3T)oSPY o (DATA(38) A0, (DATAL29),A3) o (DATA(A0) 4AS),
({DATA141),83),(DATA(42)¢84)o (DATA(43),S1):(DATA(44),52),(DATA(4S)
9S35 0 (DATA(L6)954) y(DATACAT) ¢ T1) o (DATA(48) T2} (NATA(L9),SUL),
(DATA(50) ,SU2)9(DATA(S1),UL)s (DATALS52),U2)4iDATALS3),CLL),
(DATA{S54):GO) {DATALSS5i1¢R1) o (DATALSE),R2) (DATALST)yD1)o(DATA(SS)
21D2) e (DATAUSS) oR) oy (DATALGO0)Y o WL ) o IDATA(G1),W2), (DATA(H2),ET1),
(DATA(63),ET2), (DATAC6L)GCL2) o (DATA(65),GCL4}

EQUIVALENCE (DATA(101),A),(DATA{3C1),B)

FORMAT (BF10.4)

OV WN -~
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6 FURMAT(6E20.8)
5 FDRMAT (1HO,3X435HGCL I AND GCL4 MUST HBE > 0. FOR KO =14)
JO FORMATCLIHOIXy SHSWL 38X 9 2HSS 92X 9 2HR3I/BF10,4)
39 FORMAT (LHO 33Xy 4HK() =14%,F10.8"
b3 FORMAT(IHOZ2X, JEHS3 OR S4 INVUTS ARE NOT VALID FOR KOG =14)
954 FURFATIIHO2X 94K =15,2X,65HS3 AND S4 MUST BE O. FOR THIS CASE TO
1BE VALID, USE KO-1 CASE., )
2001 FURMAT(LHOZ2X982H NIODoNLOL,N110O,MEL2 HAVE BEEN SET TO ZER0O BECAUSE
ITHE MIN(ETL/RY,L,ET2/R2) WAS LE 9,!
2002 FURMAT (1HO2Xy 774 N1OO,NIOL,NIN2,MLE0 HAVE BEEN SET T0 ZFRU) BECAUS
18 THE MIN(WLI/R1oW2/R2) LE S5.)
2003 FORMAT (1HOZ2X,S5TH NIOO,NIO2 HAVE BEEN SET TD ZERD BECAUSE SW2/S5
IS (e 3.)
2004 FURMAT {1HO2Xs LUSH N102,N112 HAVE BEEN SET 0 ZERO BECAUSE EITHER
LTHE MIN(ETL/BR,ET2/82) OR THE MIN(WL1/BLl,W2/B2) WAS LE 5.)
2005 FORMAT(LHO2X,7RH RATIO OF SWL/SS LT 3. BUT Gi. 0. GIVES TOO GRLAT
1AN ERROR FUOR X1004X100,X102.)
R3 = SURT(RI®R2)
R32 = R3 * R}
$H = SURT(S3I%S54)
IF(SHEQ.CGe} S = L1

$52 = S5 * S§H

SHZ = LORT(ETI®ETZ)
SW1 = SURTIWIeNWZ)
SWH = SW2/55

WSl4 = SHWi/SH
TF (NS14.EQ.0.) GU TO 1001
IF{NSL4,GF.3.) GU TO 1001
IF{N10O.EQ.1) GO TO 1002
IF(N101.£Q.1) GO TG 1002
IF(NIO2.NE.L) GO YO 1001
1002 SN100 = NL1DO
SN101 N101
SN102 N102
N109 = O
N1Ol = 0O
NiG2 = 0
WRITE (6,200%)
100} SWi2= SWlsSWi
SH22= Sti2%SW2
WRITE (6930)SW1,55,R3
SSR = SPsSPIeR]
SRR = SPsRI®R2
S4HB = SPs4 . 3B1¢B2
SHWSHN = SW22-SWl2
3002 ER]1 = ET1/R]
tR2 = £T2/R2
ETHl= ET1/81
ETB2 = €T2/82

WR1 = Wl/R1

WR2 = W2/R2

W8l = Wl/Bl1

WB2 = W2/B2

ER = AMINI{ER],ER2)
WR = AMINL(WRLl,WR2?
EB = AMINILI(ETB1,ETB2)

W8 = AMIN1(WE1.WB2)
IF(S3.E6Q.0.) GO TO 3000
IF{S4.EQ.0.} GO ¥0O 2000




3000

3001

3006

3086

2¢07

nO87

3008

3088

3620

3689

3192

5210
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WS1
Ws2

W1/S3s

W2/54

ES1 ET1/S53

£S2 ET2/54

GO TC 3001

€S1 = Q.

£S2 = 0O,

WSl = O,

¥$2 = 0.

IF(ER.GT.5.) GO TO 3086
IF(NL100.EQ.1) GO TO 3006
IF{N101.EQ.1) GO TO 3006
IF(NL1O.NE.L) GO TO 3086
SN100 = N10GO

SN101 = N101

SN11C = Nl110O

[/ ]

N100 = O
N1O1 = O
N110 = 0

WRITE (6,2001)
IFIWR.GTe5.) GO TO 3087
IF({WR.EQ.0.) GU YU 3087
IF(SH1.EQ.0.) GO TO 3087
IF{N100.EQ.1) GO TO 3007
IF{N101.EQ.1) GO YO 3007
IF(N102.EQ.1) GO TO 3007
IFIN110.NE.L) GO TO 3087
SN100 = N100

SN101 = NIO1

SN102 = Ni02

SN110 = N1190

N100 = O

N101 = O

N102 = O

N110 = O

WRITE {6,42002)
IFISW5.GT.3.) GO TO 3088
IFIN100.EQ.1) GO TO 3008
IF(N1O2.NE.1) GO TO 3088
SN100 = N100

SN102 = N10O2

NiOO = O

N102 = 0

WRITE (6,42003)
IF(N102.EQ.1)GO TO 3090
IF(NLLI2.,NE.1l) GO TO 3192
IF(EB.LE.5.) GO TO 3089
IF(WB.GT.5.} GO TO 3192
IF{SWl.EQ.0.. GO TO 3192
3N102 = N102?

tN112 = N112

NiD2 = 0

Nll12 = 0O

NRITE (642004)
IF(N10O.EQ.0) GO TO 3265
KO = 100

Cah = (le={1.-SPSRI2/SHSH)®ENB) = R
IF(SWHLI.EC.0.) GO TO 4531

SW3 = SQUT(~1.4SW12/552)
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3265
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G0 1O 4532

SW3 0.

SWé SQRT(~1.+5W22/755%2)
IF(T1.FQ..00000001} GO TO 4533
GSEL = (AJMX + ETL + 4,.%S2)/7y)
GSE2 = (BIMX ¢ ET2 ¢ 4.%54)/TU2
SE12 = AMINL(St3,GSEL)®,5

SE22 = AMIN1(SE4,GSE2)*,.5
IF{SW1.EQ.0.) KO = 3:1001
IF{N100.EQ.O) GO TO S211

CaLL ASO

X100 = 2

WRITE (6,39) KO,X100
IF{N102.£Q.0) GO TO 3270

KO = 102

C45 = R¥(1e-(1.-S4BB/(PISSWSW))**NB)
IFIN100.EQ.0) GO YO 5210
IF(SH1.EQ.0.) KO = 1021

CALL AS0

X192 = 7

WRITE (6439) KlgX102
[FIN101.EQ.U) GO TO 333
IFIT1.£Q.,00000001) GU TOU 4534

GSEY = (AJMX & ET1 + 4.%ALL)/TUL
GSEZ2 = (BJIMX + ET2 + 4.*%AL2)/TV2
St12 = AMINL(SL3,6SEL)*.5

SE22 = AMINL(SF4,GSE2)*.5

KO = 101

[F{S3.GTe06) GII TO 4620
[£(54.GT.04) GO T 4620

C49 = (SP*¥R3IZ2)/SHSH

AL1Z2 = ALL1®AL?

IF(SWL.FLL0e} GT T 4615

SW3 = SQRTISWL1Z2/7ALL12-1.)

GO TU 4616

KO = 1011

SW3 = 0,

SW4 = SQRTISW22/7AL12-1.)

CALL ASU

Xivl = 1

WRITE (6,39) KOyX101

G0 To 333

WRITE (6,53) Ki

FCL3 = SQRT(GCLI*GLLI + 3.*RDI1)
FCL4 = SQRT(GCLA$GCLS + 3.*RDYZ)
IF(NLO3,EQ.0) uvO TO 337
IF{T1+£Q.o00000000F GH T 4535

GSEL = (AJMX + FCL3 ¢ 4.,%53)/1ul
GSE2 = (BJMX + FCL&G ¢ 4,#54)/TU?
SEL2 = AMINL(SE3,GSE1)*.5

SE22 = AMINI{St4,GSt2)%.5

KO = 103

€45 = R¥{1e~(1.~SPR/LA4.EFLLI®FCLAY) *ENYY)
CALL A%0

X103 = ¢

WRITE (6439) Ki1yX103

IF(NLO4,tQ.0) GO TO 334
IF{T1.60.400000001) GO TO 4536

GSt1 = [AJMX ¢+ GCL3 ¢+ a.*%AL1)/TUI




4536

3371

3372
338

4537

339

4538

3391

3392
341

4539
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GSE2 = (BJMX ¢ GCLA ¢ 4,.%aAL2)/TU2
SE12 = AMINL(SC3,GSEL)*.S

SE22 = AMINL(SE4,GSE2)%,.5

KO = 104

1F(S3.67.0.) GO 7O 3371
IF{S4.CT,0.) GO TO 3371
IF{GCL3.EQ.0.) GO TO 3372

C45 = SPR/{4.*GCLI*GCLS)

CALL ASO

X104 = [

WRITE (6,39) KO,X104

GO TO 338

WRITE (6454) KO

60 TO 338

WRITE(6,15) KO

FCL3 = SQRT(GCL3*GCL3 + B81%B1)
FCL4 = SQRT(GCL4*GCLS ¢ B2%82)
IF{N10S.EQ.0) GO TO 339
IF(T1.€Q..0G000000)) GO TO 4537
GSE1l = (AJNX ¢ FCLI ¢+ 4,.#53)/TU1
GSE2 = (BJMX ¢ FCLL + 4,854)/TVU2
SEL2 = AMINL(SE3,GSEL)S.5

SE22 = AMINL(SE4,GSE2)%.5

KO = 105

C45 = Re(l.=(1.~(SP *B81%82)/(FCLISFCLA))**NB)

CALL ASO

X105 = 2

WRITE (6439) KOyX105
IF(N106.EQ.0) GO TO 241
IF{T1.€Q..00000001) GO TG 4538
GSEYl = (AJMX ¢ GCL3 ¢+ Bl)/TUL
GSE2 = (BJMX ¢+ GCL4 + B2)/TU2
SE12 = AMIN1(SE3,GSEL1)*.5

SE22 = AMINLI(SE4,GSE2)%.5

KO = 106

IF(S3.,GT7.0.}) GO TO 3391
IF(S4.GT,0.} GO 70 3391
IF(GCL3,EQ.0.) GU TO 3392

CALL AS50

X106 = 2

WRITE (6439) KO,X1068

GO TO 341

WRITE (6:54) KO

GO TO 341

WRITE(6+15) KO

IF{N10T.EQ.0} GO YO 342
IF{T1.EQ..00000001) GO VO 4539
GSELl = (AJMX + ET1 + 4,%$3)/7U1l
GSE2 = (BJMX + ET2 + 4.%54)/TU2
SE12 = AMINL(SE3,GSE1)%*.5

SE22 = AMINL(SEA GSE2)%*.5

KO = 107

IF{S3.tQ.0.) GO TO 3421
IF(S4.EQ.0,.) GO 1O 3421

C45 = Re(1o=(1.~SRR/SW22)¢aNB)
CALL AS50

X107 = 1

WRITE (6,439} KO,X107

G TO 342
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3421 WRITE {6453) KU

s 342 1F(NLOB.EQ.O) G TO 343

/ IF{T1.EQ..0000C0OC!) GO TO 4560
GSEL = (AJMX + ET1 ¢ 4.8ALL)/TUL

i GSE2 = (BJMX + ET2 + &4,®AL2)/TU2
3 SEL2 = AMINL{SE3,GSEl)*.5
SE22 = AMINL(SE4,GSE2)%,5

4540 KO = 108
IF(S3.6T.0.) GO TO 2451
[F(S4.6T.0.) GO TO 345}
€45 = SRR/SW22
) CALL AS0Q
: ) X108 = 2
§ WRITE (6439) KO.X108
- GO TO 343
3451 WRITE {6453)K0
343 IFINL10Y.EQ.O0) GO TO 3271
IF(T1.6Q..00000001) GO TO 4541

i TP R R e

GSEL = (AJMX + ETL + 4.%S3)/TUl
GSEZ = (BJIMX + ET2 ¢ 4,.%54)/7702
SC12 = AMINL(SE3,GS5EL)*,.5
SE22 = AMINL(SE&4,GSE2)%,S

4541 KD = 109
IF(33.6Qe06) GO TO 3431
C45 = RE{Lle-(1.~S4BB/(SW22%P]1))*sNR)
CALL AS50
X109 = 7
WRITE (6,439) KO,X109
60 Tg 3271
3431 WRITE (6,453) KO
3271 IF(N110.EQ.0) GO TO 3273
IFiT1.£Q.+0000000!) GO TO 4542

GSLI = (AJMX + ET1 ¢ 4,%53)/T1
GSE2 = (BJMX + ET2 + 4,.854)/TU2
SE12 = AMINL(SE3,GSEL)*,5
SF22 = AMINL(SE4,GSE2)¢,5

4542 KU = 110
LB IF(S3.EQ.0.) GO TO 3272
y [F(S4.:Q.0.) GO TO 3272
3 C45 = RE{1.=(1.~SRR/SWSW)®%NB)
; CALL ASQ
X110 = 72
WRITE (6439) KUWX110
GO TL 3273
3272 WRITE (6453) KN
3273 IFINLLLLEQLD) GO TU 3275
IF(T1.EQ..000000:51) GO TU 454)

GSEL = (AJMX ¢ ET1 + 4.%ALL)/TUL
GSEZ2 = (BJMX + ET2 + 4.%AL2)/TU2
SE12 = AMINL(St3,GSF1)*.5
SEZ2Z = AMINL(St4,GSE2)%*,5

4543 KO = 111
[F1S3.G7.0.) GO TO 3274
IF{S4.6T.0.0 GO Tu 3274
C45 = SRR/SWSW
CALL AS50
X111t = 7
WRITE (6,39) KDyX111
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GO TO 3275

3274 WRITE (6453) KO

3275 1F(N112.EQ.0) GO TO 332
IF(T1.€Q..00000001} GO TO 4544 °
GSEL = (AJMX + ET1 + 4.#S83)/TUl
GSE?2 = (BIMX + ET2 ¢ 4,¢54)/TU2
SE12 = AKINLI(SE3,GSE1)®,5
SEZ22 = AMINL(S5E4,GSE2)%,.S

4544 XG = 112
IF{S3.EQ.0.) GO TO 3276
I#{S4.€Q.0.) GU TO 3276
Ca5 = RO(1.-(1.~S4BB/{PLIESHSH))*2NB)
CALL AS0
X112 = 1
WRITE (6,39) KOyX112
GO 70 332

3276 WRITE (6453) KO

332 RETURN

END

SUBROUT INE ASO
REAL S$S(150)/150¢0,0/
DIHENSIOMN DATA(1200)
DIMENSION A22(200),822(200)
COMMON DATA
COKMON SC4oSEI U sU&Z295Q)9SQ2,0Q1,02,CL29PLoSPL,SC3,CoCL2,AT1AT2
COMMUON BS1eBS2+:SE1295E22¢559C45,SW3,S5W4,ST]1,SU3,5U4,ALL,AL2,S¥W]
COMMON FCL3,FCLA9ESLoES24ERL\ER2,ETBLIETB2,WR1yWR2,HB1 ,WB2,WS1,NS2
COMMON A22,822,A1,A2,81,82
COMMON SQR2,SPI24PL2,AJMXBIMX,TUL,TU2,712,T722
COMMON R32,RD1,RD29SPRySW129SW22, SRR
COMMON SN1DO,SN10O1,SM102,SN110,SNL12,X112
COMMON X100,X101,X102¢X1039X2049X1054X106¢X107¢X108¢X109.X110,X111
COMMON N1OO)N1GLloNL1O2¢N110¢N112, INUM
COMMUN KKy KOUT ¢yKOO KO, X119LU3oLUS¢N,NB,ZLUS
EQUIVALENCE (DATA(33),2111),(0ATA(34),A112),(DATAL35),D),{DATA(26)
sDF) o (OATAL3TY, 5P) o {DATA(38) gAJJ)y({DATALI9),A3), (DATA(40),A%),
(DATA(S1)483) o (DATA(42)yB4) o (DATA(£3)¢S1) (DATALS4),52),(DATA{AS)
9S3Yo(DATALGE) 1S4) s (DATA(ST) ,TL) (DATAL48]),T2)910ATA(49),SUL),
(DATA(50) ¢SU2) o {DATA(S1),UL) o (DATA(52),U2),(DATA(S3),CLLY,
(DATA(S54)yQO0) o (DATA(S55) ¢RL) o (DATALS56)4R2) y(DATA(ST),D1),(DATA(S8)}
2D2) o (DATA(S59) 4RI (DATAL60) 4 W1 ) o (DATA(SL) o W2), (DATA(E2)4ETL)
{OATALO3)4ET2)4(NATA(64)4GCLI) (DATAL65),GCL4)
1 FORMAT (1HO2Xy3HSEl,TX,3HSE2/2F10,8)
IF{T1.EQ..00000001) GO TO 5057
505 ISUM = 0O,
00 51 J = 1,LU3
A ~ J
SSUM = O,
X = FXJ(AJ)
DO 5172 K = 1,LU4
AK = K
Y = FYJ(AK)
CALL K&(XoYoPK6)
CALL FF(Y,SE224AT24149AF)
SSUM = SSUM ¢ PK6 ® AF
512 CONTINUE
53 SS(J) = SSUM

~N NN
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CALL FF(XySEL29AT1sl.9AF)
LSUM = ISUM + SS{J)®AF
51 CONTINUE
5057 IF(TL1.GT..00000001) GO TO 5055
SE1 = Al/UL
SE12 = SEl*,5
SE2 = A2/U2
SE22 = SE2%,.5
B ILSUM = O,
. 0G 5100 J = 1,LU3
Ad = J
SSum = O,
X = FXJLAD)
D0 5200 K = 1,LU%
AK = K
| Y = FYSLAK)
| CALL K&(XeYsPKO)
i SSUM = SSUM + PKb
5200 CONTINUE
$S{J) = SSUM/U4
ISUM = 2SUM + SS{J)
5100 CONTINUE
L = ISUK/U3
GO T0 507
§055 Z = 1ISUM
IF(SU3.EQ.0.) Z = 2.8
IF{SU4.EQ.0.) 50 TO 506
GO TQO 507
506 1 = 2.,% 1
SOT RETURN
END

Vvmat &b e case a TN
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SUBROUTINE PP(XyJyPXJ)
DIMENSION DATA(1200)

; DIMENSION A221200),822(200)
: COMMON DATA

< COMMON SE49SE3 U3 U4 2+5Q1,5Q2,015Q2,CL2,P1+5721+45Q3,CoCL3,ATL,AT2
o COMMON BS148S2ySEL29SE22+559C45,SHISWeySTLySU3oS5U4,ALL,AL2,SW]
15 COMMON FCL3yFCL49ESLyESZIERIIER2)ETBLIETBR2)WR1oWR2/WB14WB2,WS1 W52

COMMON A22+822+A19A2,81,B2
COMMON SQR2,SPI29ePL12¢AJMXBIMX,TULyTU2,T12,T22
COMMON R32,RD1.RDZySPRySH12,5%W224 SRR
COMMON SN10O,SN101,SN102,SN110,SN112,X1122
i COMMON Xi009X101¢X1029X1039X1049X105,X106,X1079X108¢X209¢X110,X111
é COMMON N1OOyN1O14N102sN110yNL1L2s INUM
COMMON XK KOUT yKQ0 KOs K11,L U3 LUSyN,NB,yLS
] EQUIVALENCE (DATAC(43),S2 )y {DATA(44),S2),)(DATAL(S5),R1),(DATA(S6)4R2
: 1)
: PXJ = 0.
i IF{KOUT.EQ.1) GD 70 1
2 IF(J.EQ.2) GO TO 5
: $Q7 = 7.%5Q1
: IF(X.GY.SQ7) GO TO 1GO
. PXJ = R1/SQLSEXP{~(X/SQ1)**2%,5)/SQR2
60 10 100
5 SQ8 = 7.%5Q2
IF(X.GT.5Q87) GO TO 100
2 PXJ = R2/SQ2%EXP(~(X/SQ2)%%2¢,5)/3QR2
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GO TN 100

1 IF({J.8Q.2) GO 10 3
CALL SF(XyBt,S1ySMF)
PXJ = SMF
GO T0 100

3 CALL SF(Xy4B2452,SMF)
PXJ = SMF

100 RETURN

END

SUBROUTINE XRO(X19X29X39X49X59SD3,SD4%)

DIMENSION DATA(1200)

DIMENSION A(200)+B(200),A22(200),822(200)

DIMENSION [(200),ISTOP(200),LSTOP(200G),KSTOP(200)

COMMON DATA

COMMON SE®S¢SE3,U34U4989S5Q195029Q1,Q2,CL24PIoSPI45Q3,CyCLIATL,AT2
COMMON B8S19BS2,SE129SE229S55+C459)5WI9SW&yST1,S5U3,SU4,AL1,AL2,S5NWL
COMMON FCL34FCLASES)4ES2,ERLJER2yETBLyETB2,WR1IyWR2,WBL WB2,WS1,WS2
COMMON A22,822,A1,A2,B81,82

COMMON SQR2+SPI2,P12,AJMXBIMX,TUL,TUZ2,T12,T22

COMMON R224RD)sRDZ2ySPRySW12,SW22,SRR

COMMON SN100,SN1O1,SNLO2,SN110,SNL12,X112

COMMON X1004X1019X102¢X103¢yX1049X105,X1069X10T9X108,X3094X110X111
COMMOW N10OOyNL1OL,NLO2,NL10yN112, INUN

COMMON KKoKOUT yKOD9yKOeK119LU34LUS4NyNB,LUS

EQUIVALENCE (DATA(L)oPRO)o(DATAL2),CN)¢(DATA(3),CNBY o IDATA(4),CNVI

1 ), (DATALS5) ¢CXAJ) o (DATALGE) 4CXBJ) o {DATA(T) CNPT) ,(DATA(B) +CNCP),

2 (DATA(9) yFIMP) o (DATA(L10)4ANNO) o (DATAL11),AN1), (DATAL]12),AN2),

3 (DATA(13),AN3) o (DATALL14),ANG), (DATA(15)4ANS)

EQUIVALENCE (DATA(33),A111),(DATA(34),A112),(DATAL35),D),(DATA(26)
2OF) o (DATA(3T)SP) s (DATAL38)9AJJ) o (DATA(39),A3 ), (DATA(40),A4),
({DATA(4L)+83) o (DATAL42) 4B4)y(DATA(L3) ¢S1)(DATALGR)o32),{DATA(4S)
053) o (DATAL46)4S6) ,(DATA(4LT)TLIy(DATA(48),T2) . (DATAL(49),SUL),
(DATAL(S50) oSU2) o (DATA(S1),UL)y (DATA(S52),U2),(DATA(53),CL1),
(DATA(54)+sQ0) s (DATA(S55) yR1) o (DATAI56)¢4R2),{DATALST) D1}, (DATA(S8)
202), (DATA(S59),4R)

EQUIVALENCE (DATA(101),A),(DATA(301},.8)

N1 AN1 « 000001

N2 AN2 «000001%

N3 AN3 «006001

N4 AN4 « 000001

NS ANS + 000001

AUl ABS(SULl)

Ay2 48S(SU2)

CN1 CN - 1.

NK1 N~-1

DO 1 J = 14N

1tJ) = O

I37T0P(J) = O

LST0P{J) = 0

KSTOP(JY) = O

1 CONTINUE

IFIN1.NELO) G TO 2

IFINS.EQ.0) GO TO 362
2 00 390 KK = 14N

IF{N.GT.12) GU TU 392

ONEG = 1.

o7t = 0

NI WN -
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KA = KK-1
FXK= KK
WXl = O,

WS = 0.
IF(MOD(KA,2))1321,1322,1321
ONEG = -0ONEG
KO0 = 2
IF(T1.EQ,.000450001) GU TO 1324
GSE2 = (AU2+8B2+4,.%52)/TU2
S£22 = AMINL(SE4,GSE2)*.5
CALL A4}

W7 =12

Q2 = SQRT(SQ2%*2/FKK+T22)
Ql = SQRT(SQLl**2/FKK+T12)
CALL V(2,5U2,VXJ)

Wé = VXJ

IfFIN5.,NE,O) GO YO 510

LoT = 1

IF(N1.EV.0) GO TO 338
IF{SD3.NE.O0.) GO TO 425
JALL VI1,SUL,VXJ)

WXi= VXJOYF(KK)

0 = WXL * W6

GO TO 385

IFISD3.NE.D.) GO TU 520
K1l = 3

CALL A4O

W5 = 2

0 = WSSNT

GO 71O 283

GCONT INUE

0O 426 J = ],KK

KSTOP(J) = N=-KK+J
IFIJ.NEL]L) GO TO 105

13y = J

LSTOPLY) = KSTOP(J)

GO T0 106

It) = 1(J-1) » 1

LSTOPLY) = [(1)4NK]1=-KK+J
ISTOPEJ) = KINOIKSTOP(J),LSIOIP(I))
CONTINUE

IF(LOT.EQ.1) GO TO 429
IFINS.NE.O)GO TO 192

CALL F(1,ABAR,ASQ,BBAR:BSQ)
UMA = SUX - ABRAR

AAM = A5Q - ABAR®#2

SQll= 2.#S5Q1%S5Q1\

CALL V{1,UMA,VXJ}

1 = YXJ * EXPI-FKK ¢ AAN/S5Q11)
WXZ = WX1l¢ I & SPesKK

0 T0 1107

LSuUm = 0,

00 193 1J = 1,LU)

AlY = 1J

Al = FXJUALY)

CALL PKX(1,A1,P0)

APO = PO

CALL FFUAT,SEL29ATY 1 coeAF}
ISUM = 2SUM ¢ APOSAF
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CONTINUE
I = LSUM % SP%*KK
IF(SUl.NE.O.) GO TO 195

232.‘1
W5 = WS + 2
IS = KK

GO 10 101

IS =[S + 1
IS = IS - 1

T{IS) = J(ISS) + 1

IF(IS-KK) 107,108,107
LSTOP(IS+1) = I(1) + NK1 ~ KK +[S +]
ISTOPLIS+L) = MINOIKSTOPUIS+L),LSTOP(IS+1))
GO 10 102

I(IS) = [{1IS) + 1

IF(IS - KK) 109,102,109
LSTOP(IS+1) = (1) + NX1 - KK + IS + 1
ISTOPCIS+1) = MINO(KSTOP(IS+i),LSTOP(IS+1))
IF(IUIS)GTLEISTOP(LIS)) GO TO 103
IF(IS.NE.KK) GO TO 104
IF{LOT.EQ.L) GO TO 428
IF{NS.NELO)GO TO 427

CALL F(1,ABAR,ASQ,BBAR,BSQ)

UMA = SUL - ABAR

AAM = ASQ - ABAR®*%*2

SQll= 2.%SQl*SQ1

CALL V{1,UMA,VXJ)

)4 = UXJ * EXP({-FKK*®AAM/SQ11)}
WXl = KX1¢ LeSPESKK

GO T0 101}

ISUM = Oe

D0 194 1J = 1,LU3

Ald = 1J

Al = FXJIALY)

CALL PKX(1,A1,P0)

APO = PO

CALL FFUAL,SEL24ATL,y1.9AF)

ISUM = ISUM + APO®AF

CONT INUE

T = ISUM * SpPexKK

IF{SU3.NL.0Os) GO TO 191

l = 2. ¢}

W5 = WS +

G0 70 101

1S = 15~1

IF(IS.€Q.0) GU TG 382
IF(ICIS).EQ.ISTOPLISY) GO TO 103
GO TO 101

IF(LOT-1)383,385,38%

X5 = X5 4+ ONLGSWS*WT

0 = WSENWT

LOT = 1|

GO TO 3%2

X1 = X1 + ONEG*KXIisW6

O = WX]l*W6

IF{5.LE.«0001) GO TD 362

CONT INUE

IFEN.GT.1) GU TQO 392
IFINB.GT.30) GO TO 392
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IF(NB.EQ.O) GO TO 392
KOUT = 1000
N4SVY = 0
N3SY = 0
N2SV = 0
DO 400 KK = ]1,NB
IF(N& ,NE.O)} GO TO 404
IFIN3.NE.O) GO TO 404
IF{N2.EQ.0) GO TO 405
FKK = KK
Q2 = SQRT(SQ2*#2/FKK+T22)
Ql = SQRT(SQI#*#32/FKK+T12)
KA = KK=1}
ONEC = |,
IF(MODIKA,2)) 401,402,401
ONEG = ~0ONEG
IF{B82.EQ.0.) GU TO 403
IF(N4.EQ.0) GO TO 403
KOO = 2
IF(T1.EQ..00000001) GO TO 1325
GSE2 = (AL2+B2+4,.%52)/TU2
SE22 = AMINLI{SEA,GSE2)*,5
CALL A4} ’
WY = 2
CALL VI(2,SU2,VXJi
W6 = VXJ
IF(NGNE.O) GO TO 1320
IF(N3.NE.O) GO TO 1215
IF(N2.NE.O) GO TO 1120
GO TO 400
K1l = 2
1F(T1.EQ..0Q0000001) GO TO 1323
GSEl = (AUL+CL1+B1+4,2Q0)/TUIL
SE12 = AMINL1(SE3,GSEL)=*,.5
CALL A40
WG = 2
X4 = X4 ¢ ONEG*WAH*WT
0 = W4 * W7
IF(0.GT..0001) GO TO 347
NeSV = N4
N4 = O
GG 10 347
CL3 = SQAT(CLL1#%2 ¢+ 3,.% SQ3¢%2)
W3lz(SP12 SRI/CL3)¥eKK
CALL FF(SULl,CL3,Al1,7),AF)
W3 = W3l ® AF % YF(KRK)
X3 = X3 + ONEG * W3eWs
0 = W3 * We
IF{G.6T,.0001) GO TO 348
N3SV = N3
N3 = 0
GO TO 348
Kil = 1
1F(T1.€EQ..000G0001) GO Y0 1121
GSEL = (AUL+CLI+4,*SQ3)/TUL
SEi2 = AMINL(SE3,GSEL)*.5
CALL A40
WXe2 = 1
X2 = X2 ¢+ UNEG * WX2 * W6
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0 = KX2 ¢ W6
iF(0.67.,00G1) GO YO %00
N2SV = N2

N2 = O

CONT INUE

IFIN4SV.NELO) N& = N&SY
IF(N3SV.NE.O) N3 = N3SV
IF(N2SV.NE.O) N2 = N2SV
RE TURN

END

SUBROUTINE A4l

DIMENSION DATA{1200)

DIMENSION A22(200),8221(200)

COMMON DATA

COMMON SE4¢SE3,U3,U4y2,5GQ195Q2,Q19Q24CL2PI¢SP1+SQ34CoCLIATL,AT2
COMMON BS1¢BS24SEL124SE22,55,C45,5W3ySH4¢ST14SU3»SU&sALLyAL2,SW]
COMMON FCL3,FCL&4,ESL ES2,ERL\ER2,ETBL,ETB2,WR1 WR29WB1 ) WB2,WS14WS2
COMMON A22¢B224A19A2481,82

COMMON SQR2,SPI2,P12,AIMX,BIMX,TUL,TUZ,T12,T722

COMMON R329RD14RD2¢SPRySW12,5W224 SRR

COMMON SN100,SN101,S5N102,5N110,SN112,X112

COMMON X1009X1014X1029X1039X1049X1054X1069X1079X1089X1094X110,X111
COMMON N100yN101,N102yN110yN112, INUM

COMMON KKy KOUT yKOO¢KO¢K11oLU3 oL UL oNoNBoLUS

EQUIVALENCE (DATA(52),U2)

ISUM = 0,

00O 4 J = 1yLUS

Ay = J

YJ = FYJ(AJ)

CALL KY(YJyZKY)

LK1l = IKY

CALL FF(YJySE22,AT291.0AF)

ISUM = ISUM + IK1*#AF

CONTINUE

1 = 2.% ISUM

IF(SU4.EQ.0.) GO TO 100

L =1%.,5

Rt TURN

END

SUBROUTINE V(JeX,VXJ)

DIMENSION DATA(1200)

DIMENSION A22(200),822(200)

COMMON DATA

COMMON SE&¢SE34U34U&e7950195Q924019Q2,CL2¢PI,SPI4S03,C4CLI,ATL,AT2
COMMCN BS1¢BS295E1295E229559C45,SW3,SWLyST1,SU3,SU4ALL,AL2,SWE
COMMON FCL3¢FCL4oEST1eES2yERLGWERZ24ETBLI)ETB2yWRLyWR2yWB1sWB2,WS1oWS2
COMMON A22,8224,A1+A2,81,82

COMMON SQR2,SPI2,PI2,AJMX,8BIMX,TUL,TU2,T12,T22

COMMON R32,RD14RD2¢SPRySW]12,5W22,45RR

COMMON SN100,SN1O1,SNIO2,SN110,SN112,X112

COMMON X100¢X101,X2102,X203¢4X104,X1059X2064X107X108,X109,X110,X111
COMMON M100¢N10O1,N102,NL110O¢N112, INUM

COMMON KK KOUT 3KOU KO oKL1,LU3 4L U4 9NyNByLUS

EQUIVALENCE (CATA(S5S),R1)},{DATA(S6),R2}

vxJd = 0.
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AKK = KK
P20K = SQRT(2.*P1/AKK)
; IF(J.EQ.2) GO TO 2
, RP ={R1/(SQLI#SQR2))**KK * P20K * SQ1/Ql
AXQ = X/Q1
1 AQl = Al/Ql
i CALL HS{AXQ,AQl,SH)
; VXJ = RP * SH
GO TO 1
2 AXQ = X/Q2
AQ2 = A2/Q2
: CALL HS(AXQyAQ2,SH)
i VXJ =(R2/(SQ2#*SQR2))s*KK * P20K * $SQ2/Q2 * SH
: 1 RETURN
P END

FUNCYION SMGXX)
DIMENSION DATA{1200)
DIMENSION A22(200),B22(20C)
g COMMON DATA
F. COMMON SE4sSE34U39Ube2+5Q1¢5Q2+QL19eQ2,CL2yPI4SPI,SQ24CsCL3,ATL,AT2
4 COMMON B8S1,BS2,SE1295E22455+C43;SW3,SK4yST1ySU3,SU4yALL,AL2,SWH]
d ; COMMON FCL3gFCL49ESLyES29ERLWER2)ETBLoFTB2,WRLoWR2,WB1 ) WB2,WS1 W52
! COMMON A22,822,A1,A2,81,482
s COMMON SCR2,SP12,P12,ASMXBIMX,yTUL,TU2,T12,T22
COMMON R32,RD1,RD2,SPR,SH12,5W22,5RR
COMMON SN100,SN101,SN102,SN110,5N112,X112
COMMON X100sX1019yX102¢X1039%10%yX1059X1064X1079X2089X109,X2109X111
COMMON N100yN101oN102,N1104N112y INUM
COMMON KK, KOUT ,KOOsKO9K11yLU39LU4yNyNB,LUS
SMG = EXP(=-XX$XX#%,5)/SQRT(PI2)
1 RETURN
END

FUNCTION YF{KKK)
DIMENSION DATA(1200)
DIMENSION A22(200),8221200)
: COMMON DATA
{ COMMON SE44SE3,U34U492¢5Q195Q2¢Q19Q2,CL2,;PI,SP1,5Q3,CoCL3,AT1,AT2
i COMMON BS1,BS2,SEL24SE22,559C45,0SW3,5WH,ST1:5U3,5U40ALL,AL2,SW]
;o COMMON FCL39FCLLESLoES2¢ERL)ER24ETHBL ETB2yWRLyWR2,WB)yWB2yWS1,WS2
f COMMON A22,B22,A1,A2,81,82
g COMMON SQR2¢SPI2,PI24AJMXyBIMX,TUL,TU2,T12,722
e ¢ COMMON R32,RD1,RD2,SPRySW12,SW22,SRR
. COMMON SN100,SNL1O1,SN102,SN1IO,SN112,X112
¢ COMMON X1009X1019X1029X103,X104X1054X1064X107¢X108,X109,X110,X111
COMMON M100sN101,4M102,N1104N112, INUM
COMMON KK KNUT KOO, KOsKL11,LU3,LULsNeNBsLUS
EQUIVALENCE (DATA(3T7),SP)
ANO = N
IFIKOUT.EQ.LO00) ANO = NB
YF = 1.
D0 1 J = 1.KKK
A = J
YF=YF * (ANO=AJ+1.)/AJ #* SP
1 CONTINUE
) 2 RETURN
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END

FUNCTION FXJ(XX)

DIMENSION DATA(1200)

DIMENSION A221(200),8221200)

COMMON DATA

COMMON SE4,SE3 G U39sU4yZ9SQLSQ29Q1¢QZoCL29PIoSP145Q34CyCL39ATLHAT2
COMMON BS1¢BS2St129S€E22¢55¢C459SW3oSWA¢ST14SU3,SUAWALL,AL2,SW]
COMMON FCL3yFCL49ES1,ES24ERL,ER2,ETBL)ETB2)WR1 WR2yWBLsWB2,WS1WS2
COMMON A224B224A1,A2,B1,82

COMMON SQR2,SPI2,P12,AIMX,BIMXsTUL,TU2,T22,T22

COMMON R3I2yRD14RD2ySPRySW1245W224 SRR

COMMON SNI0O;SN1O0lySNL1029SN2109sSNL1124X112

COMMON X100,X1019X102¢4X103,X1049X1059X106yX107+X1089X1099X210,X111
COMMON N1OOsN1014N1029oNL10¢N1124 INUM

COMMON KKy KOUT KOO 9 KOs K114 LU LUG;NeNB,LUS

EQUIVALENCE (DATA(S1),Ul)

IFIXX«NE.Oe) GO TG 2

FXJ = 0.

GO 70 3

IF(SU3.RE.0.) GO TO &

FXJ = (2.%XX-1.) * SEL2

GO T0 3

FXJ = (2.%XX=1.-2.%U1) * SE12

RETURN

END

FUNCTIUN FYJN(XX)

DIMENSION DATA(1200)

DIMENSION A22(200),822(200)

COMMON DATA

COMMON SE&,St3,U3,U6,Z+5Q1,5Q02,01+025CL2,P1,SPI,S5Q3,CoCL3,AT1,AT2
COMMON BS148S2+SEL129SE22,55¢C45,5W3,SWH4,ST1,S5U3,SU4oALL,AL2,SW]
COMMON FCL3¢FCL4yESL1oES29ERLIER2,ETBL,ETB2+WRIyWR2,WBL,WB2,WS]1,WS2
COMMON A22,822.A1,42,81,82

COMMON SQR2,SPI2,PI12,AJMX,BIMXTUL,TU2,T12,T22

CUMMON R324RD1,RD2¢SPRySW12,5W22, SRR

COMMON Sf{1009SNLOLySNL1O2ySNL110ySNLL2,X1122

COMMON X100,X1019X1029X1034X104X105¢X106¢X107:X108X109,X110,X111}
CHO®MUN N1ODGN101,N1C2,MN11CyN112, INUM

COMMON KKosKOUT ¢KOOsKO»K119LU3,LU4,NyNB,LUS

EQUIVALENCE (CATA(52),U2)

IF{XX,NE.Os} GO TO 2

FYJ = 0,

GO 10 3

IF(SU4.NE.D.) GO TO 4

FYJ = (2.*XX-1.) * SEZZ

GO T0 3

FYJ = (2.,%XX~]1,.-2.%0U2) * SE22

RETURN

END

SUBROUTINE A40

DIMENSION DATA(1200)
DIMENSION A22(200),822(200)
COMMON DATA
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COMMON SE&4,SE3sU39U492,5Q1,5Q29Q1,Q2,CL2,P1,5P1,5Q3,C,CL3sAT],AT2
COMMON BS1,BS2,SF129SE22,559C45oSW3¢SWA,STL1,SU3,SU4,ALL AL2,SW]
COMMON FCL34FCL4yESLyES29ERIJER24ETBLyETB24WR1yWR2WB1 oWB2 W51+ W52
COMMON A22,822yA14A2481,82

COMMON SQR2:SPI24P12:AJMXBIMX,TUL,TU2,T12,T722

COMMON R32,RD14RN2,SPRySWL12,5W22, SRR

COMMON SN10O,SN1O1,SN1024SN110ySNL112,X112

COMMON X300¢X101,X2029X102,X104,X105¢X106¢X107,X108,X109,%X110,X111
COMMON N10OOyN1OL,N1D02,N110,N112,INUM

COMMON KKoKOUT 9KDO9KO9K119LU3LUSSNyNBLUS

EQUIVALENCE (DATA(51),Ul)

ASUM = C.

D0 4 J = 1,LU3

A = )

XJ = FXJLAY)

CALL KX{XJyZKX)

IKL = IKX

CALL FF(XJySEL12¢ATly1.4AF)

ASUM = ASUM ¢+ ZKL*AF

CONTINUE

I = 2.%ASUMSYF (KK)

IF(SU3.EQ.0.,) GO TO 100

l =1 %,5

RETURN

END

SUBROUTINE KX(ZAyZKX)

DIMENSION DATA(1200}

DIMENSION A22(200),822(200)

COMMON DATA

COMMON SE4¢SE3,U3,U%9295SQ19S02,Q1902¢CL24PJ,SP1+SQ39CyCLILATL,AT2
COMMON BS1,BS2¢SEL29SE22,55+C45,)SW3,SWa,STL1,S5U3,5U4sALL AL2,SHI]
COMMON FCL39FCLACESL)ES2,ERLER2,ETBL,ETR2)NR1)WR2)WBL ¢WB29WSL,)WS2
COMMON A22,822.A10A2,81,82

COMMON SQR2,SPI124PI129AJMX (BIMXsTUL,TU2,T12,722

COMMON R32,RD1yRD2,SPRySWLZySW22Zy SRR

COMMON SN10O,SNLIOL,SNL1O2,SN110,SNii2,X112

COMMON X100,X1014X1029X103¢X104,X105+X106,X107sX108,X109,X110,X151
COMMON N10O,N1O1,N102,NL1104N112, INUM

COMMON KK KOUT 9KOOoKOoK11,LU3LU&yNyNB,LUS

EQUIVALENCE (DATA(43)sS1) o (DATALAT)T1)y (DATA(49),SUL),(DATA(53),C

IL1)o(DATA(54)+Q0) 9 (DATA(S5)4R1) 4 IDATA(56),R2)

IKX = Q.

IF(K11.EQ.1) GO TO 1
IF(X11.EQ.2) GO TO 2
IF{KI1.EQ.3) GO TO 3

XTS ={ZA ¢ T]1 + 35U1)/8Q3
CLS = CL1/SQ3

CALL HS(XTS,CLSySH)

IKX =(SH & SP! & R1/5Q3)eeKK
GO 70 100

XT = (ZA®T1+SUL)

CALL FFIXT81,CL19Q0yAF)
IKX = AF & KK

60 70 100

XT =(ZAsT1leSUL)

CALL SFIXT¢B19S1ySHF)
IRX = SHFseKK
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RETURN
END

SURROUTINE KYLZZ,IKY}

DIMENSION DATA(1200)

DIMENSION A(200),8(200),A22(200),822(200)

COMMON DATA

COMMON SE&4,SE3 U3 4U%s29S5Q1+95029014Q2,CL2,P1,SP1,S03,CyCL3,ATL,AT2
COMMON BS19B8529SEL129SE229559C459SKH3,SW4,ST1,SU3,SU4,ALL1,AL2,SW1
COMMON FCL3,FCL44ES19ES2,ERLIER2/ETBLIETB2,WR1yWR24WB1,WB2,WS1,¥S2
COMMON A22,B822,A1,A2,81,82

COMMON SQR2,SFI2,PI20AIMXsBIMXyTUL,TII2,T52,T22

COMMON R324RD1yRD2¢SPRySW12,5W22, SRR

COMMON SN100,SN101,SN102,SNi110,SN112,X112

COMMON X1004X1019X102¢X103,X1044X1054X106,X107¢X1C8,X1099X1104X111
COMMON N100O4N1O1,N102+N110,N112,INUM

COMMON KK o KOUT 9yKOO KOs K11leLU34LUS)NyNB,LUS

EQUIVALENCE (DATA(44),S2)(DATALAT) oT2)o(DATA(GB),T2);(DATA(49),8
LUL) o (DATA(S50),5U2)

EQUIVALENCE (DATA{101),A),(DATA(301),8)

LKY = 0.

IF{KO0.EQ.1} GO TO 1

IF(XKOD.EQ.2! GO TU 2

KK = 1,

D0 3 J = ] ,N

AJS = SULl - A(Y)

CALL FFUAJS,CL39A1,T1,AF)

ZAF = AF

YT8 = IZ » 12 - BlJ) + SU2

CALL PPLYTR,Z,PXJ)

IKK = ZKK ¢ {1, - {(le={1.~C*PXJ)*%NB))
CONTINUE

IKY = (1. - IKK) * ZAF

GO 70 100

YTS = ZIeT2+5U2

CALL SF(YTS,B2¢52+SMF)
IKY = SMF#*#KK

RETURN

END

SUBROUTINE F(I,ABAR;ASQ¢BBAR,ASQ}

DIMENSION DATA(1200),1(200)

DIMENSION A(2005,81200),A22(200),822(200)

COMMON DATA

COMMON SE4¢SE3sU3,U49295Q0195Q2+Q19Q29CL2,PL4SPIySQ3,CoCL3,ATL,AT2
COMMON BS1¢BS2¢SEL129SE229559C459SK3ySWA,STi,SU3,SUA,ALLAL2,SH]
COMMON FCL3,FCLAyESLoES24ERIGER2,ETBLIETB2,WRIoWR2)WB1oWB2,WS1)WS2
COMMON A22,822,A1,A2,81,82

COMMON SQR2,SPI12:PI12,AJMX,BIMX, TUL,TU2,T12,T22

COMMON R32,RD1yRD2ySPRySW129SHW224 SRR

COMMON SN10O,SNIO1,SNIO2,SN110,SN112,X11)2

COMMON X100,X1014X1029X103,X104,X105,X206¢X107¢X108,X1094X110,X111
COMMON N1DOyN101,N1029yN110,N122, INUM

COMMON KK KOUT oKCOyKDeXK11,LU3,LUA NyNByLUS

EQUIVALENCE (DATA(101),A),(DATA(301),8)

AK = KK

ABAR ~ Q.
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- ASG = 0,

BBAR = 0O,

BSO z (.

DR 1 J = 1,KK

. Ml = 11J)

' ABAR = ABAR + A(M1)/AK
ASQ = ASQ +A22(MI)/AK
BBAR = BBAR ¢+ H(M1)/AK
BSQU = BSQ +B22(M1)/AK
CONT INUE

RETURN

END
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SUBROUTINE PKX(1,A1J,P0)
DIMENSION DATA(1200),1(200)
DIMENSION A(200),BL200),A221200).B221200)
COMMON DATA
CUMMON SE4,SE3,U3,U4¢Z295Q195Q29014Q2,CL24P1oSPT1+5Q3¢CoCLIHATLAT2
COMMON BS1¢B529S€129)SE22955,C45,SWI4SW4,ST1,SU3,SU4ALL,AL2,SW]
COMMON FCL3oFCL4yES) 9ES24ERLIER2yETBLHIETB2,WR1oWRZyWBL1yWB2,WS1,WS2
COMMON A22,B822,A1,A2481,82
COMMON SQR2,SPI2¢PJ2oAJMXyBIMX,TULyTU2,T12,T722
COMMON R32,RD1,RD2,SPRySHLI2,5W22,SRR
COMMON SN100,SMICLl,SN102,SN110,SHNi22,X152
COMMON X1009X1019X102¢X1039X1049X105¢X1064X1079X108,X109,X110,X111
COMMON N10OJN1OL1¢N1O2¢NLL1ON112, INUM
COMMON KK KOUT 4KOOgKO oK1 4LU3 sLUALsNyNByLUS
EQUIVALENCE (OATA(43),S1),iDATA(4T),TL),CDATA(49):5U1)
EQUIVALENCE (DATA(101),AY,(DATAL301),A8)
PO = 1,
P 1 J = 1,KK
ML = 1(J)
SFX = (A[JsTl+SUL-AINML))
CALL SF(SFXeB1,S1,5MF}
PO = PO & SNF
1 CONTENUE
RETURN
END

RS G i

u

SUBROUTINE K6(XXeYYoPK6)
REAL XUAL200)7200%0.07,YUB(200)/7200%0.0/
DIMENSION DATALLTSO
DIMENSION A(200),8(200),A22(200),822(200)
COMMON DATA
COMMON SE4,SE3,U39U4,2,5Q1,+5G2+:Q1+02,CL2yP1SPL,85Q3,CoCLI,AT]1,AT2
COMMON BS14BS2SEL129SE22,S59C45,5WIoSH4,3T1,SU2,SUS ALY AL2,SWL
‘ COMMON FCL3)FCLAJESY ES2¢ERLJER2,ETBLoETBZyWRY I WR2 WBE ¢WB2,WS1,WS2
| COMMON A22,822,A1,A2,81,82
3 COMMON SQRZ2:SPI2:PI20AJMXBIMX,TULTU2,T12,T22
COMMON R32,RD1,RD2,5PRySH12,St22, SRR
COMMON SN10OO,SN101,SN102,SN11O0,SNZL12,X1122
COMMON X100+X2019X1029X103,X30ChsX105,X3069X1075X108,%1094X110,X1112
COMMON N10O¢N1O1,NI02,N110,N112, INUNM
COMMON KK KOUT 48 O00eKO oK1 LUZoLUGNINB,LUS
EQUIVALENCE {(DATA(33),AL11),(DATA(I4),AL12),(DATA(35)¢Di+(DATA(36)
g 1 oOF ) o (OATAL3T) oSPIo(DATAII8) 9AJJ)9fDATAYI9),A3) o (DATAIA0) AL,
g ¢© 2 (DATA(AL)},B3}(DATALA2) yBA)(DATA(43),Sk) s (DATA(A44),52)(DATA(4S)

RS2 s AR S R




T

1S3) o (DATA(GG )y S4) y (DATALGT) 4 TL) o (DATAL4B),T2), (DATA(4I),SUL)
{DATA(S0)45U2),{DATAISL)UL),(DATA(52},U2),(DATA(53),CLY),
{(DAYA(54),Q0), {DATA(SS) yR1L),IDATALS6)4R2)»(DATA(ST) 01),(DATA(S8)
202) ) (DATA(S9)oR) ¢ (DATA(H60) o W1) o LOATALOLT o W2) o (ICATALH2) 4ETL),
{DATAL{63) 4ET2) ¢ (DATALG64),GCL3)» (DATAC6S5)4GCL4A)
EQUIVALENCE (DATA(101),A),(DATA(301),8)
PK6 = 0.
PKP = 1.
DO 500 J = [N
IF(T1.EQ..00000001) GO TO 501
XUA{J) = XX & Tl + SUl - A(J)
YUB({J) = YY = T2 + SU2 - B(J)
GO TO 500
S01 XUA(J)Y = XX + SUL - A(J)
YUR(J) = YY + SU2 - B()J)
500 CONTINUE
fF(KO.EQ.11)G0 TO |1
IF{KO.EG.12)G0 TO 12
IFIKO.EQ.14)G0 TO 14
IF{KD.EQ.15)G0 TO 11
IFIKO.£Q.100) GO TO 4
1F(K0.EQ.1C001) GO 1O 5
q IF(KD.EQ.101) GO TO 101
2 IF(X0.£Q.1011) GO TO 1011
IF{K0.£Q.102) GO TO 4
IF(KO.EQ.1021) GO TO S
IF(KO.,EQ.203) GO YO 103
IF(KO.EQ.104) GO TO 104
1F(KO0.EQ.105) GO 7O 105
IFIKO.EQ.106) GO TO 106
3 IF{K0.£Q.107) GO TO 107
A IF(KO.EQ.108; GO TU 108
¢ IF(KO.EQ.109) GO TO 109
i 1F{K0.,EQ.110) GO TO 110
s 1F(KO.EQ.111) GO TO 111
A IF{KO.EQ.112) GO TO 112
{ 11 00 99 J = |1,N

~“i >N

]
n
i
4
2
i

T TIQETS T Sargs 2 2 e ¥t A 18 AT T L It A R A W i Ra Y

' XTA = XUA(J)
i CALL PPIXTA,1,PXJ)
, PX1 = PXJ
; YTA = YUB(J)
. CALL PP(YTA42,PXJ)
; PYL = PXJ
i PKP = PKP * (1.-PX1#PYL1#SP)
4 99 CONTINUE
: GO TO 100
% 12 HLS = CL1/5Q3
: DO 98 J = 1,N
YTS = YUB(J)
3 CALL PP(YTS,2,PXJ)
: PPL = PXJ
- XTS = XUA(J)/SQ3
CALL HS{XTS,HLS,SH)

4 PKP = PKP*{1,-PP1#C#SH) #SNB
: 98 CONTINUE
g GG T0 100
3 14 D0 97 J = )1yN

XIS = XUA(J)

CALL FFUXTS,814CL1,Q0,AF)
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TiX = SP & AF

YIS = yustJ)

CALL PPLYTS,2,PXJ)

PKP = PKP®(l.~TIX®PX))*ENB

CONT INUE

G0 70 100

DO 96 J = |4N

FJIXY = SQRT(XUA(J)®$2+YUB(J)*#2) /55

X = FJXY - SW)

¥ = FJKY - Shé

PKP = PKP & (l.- C458(BIGGIX)~BIGG(Y)))
CONT INUE

60 10 100

00 95 J = 1,N

Y = SQRT(XUA(J)*$2+4YUB{J)®$2)/55 ~ SHWé4
PKP = PKP * (1.,~C45%(1.-8BIGG(Y)))
CONT INUE

GO T0 100

AL = SQRT(ALL#*AL2)

DO B85 J = 14N

FJIXY = SQRT(XUA{J)®$24YUB(J)®®2) /AL

X = FJXY - SW)

¥ = FJXY - SHé4

PKP = PKPE( Ll .~RO®(le= (1.-CAS5*(BIGGLX)~-BIGG(Y)))SENE))
CONT INUE

6O 10 100

AL = SQRT(ALi*AL2)

DU 83 J = 1,

Y = SQRTIXCA(J)S*2+YUB(J)**2)/AL ~SH4
PKP = PKP#(l.~R®({1.-(1.-C45%(1.-BIGGLY)))ssNB))
CUNT INUE

60 70 100

DG 94 J = 1,N

X = XUA(Y)

Y = YUB(J)

CALL SFIX,FCL3,S3,3MF)

SFA = SMF

CALL SFUYJFCL4S4,SMF)

PKP = PKP & (L .~CHSESFASSMF)

CONTINUE

G0 TO 100

D0 93 J = 14N

X = XUA(J)

Y = YUBLJ)

CALL SFI{XsGCL3,ALL,5MF)

SFA = SMF

CALL SF{Y,GCL&yAL2)SMF)

PKP = PKP#(]l.-R¥(1l.~(]1.-C45¢SFASSMF)&esNB))
CNONTINUE

GO 79 100

DO 92 J = |4N

X = XUA{J)

Y = YUB(Y)

CALL SF(XoFCL3,S3,SMF)

SFA = SHF

CALL SFUYFCL4yS4ySME)

PKP = PKP * (1.~ C45%SFASSMF)
CONTINUE

G0 70 100
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91

107

90

108

89
109

88
110

87
111

85
112

98-

00 91 J = 14N

XTA = XUALJ) )

¥T8 = YUB(J)

CALL FF{XTA4B1,GCL3+0.cAF}

AF1l =AF

CALL FFLYTByB2¢GCL4yO.sAF)

PKP 3 PKP * (l.=R®(1.~(1.~SPeAFL1&AF)eeNB))
CONT INUE

G0 10 1060

D0 90 J = 1N

XTS = XUA{J)/S3

YTS = YUBLJ)/S4

CALL ALL3(ES1+ES24XTSyYTS,PL13)
PKP = PKP & (1.~ C45¢P113)
CONT-INVE

G0 10 100

TAl = ET1/4ALL

TA2 = ET2/AL2

D0 89 J = 4N

XTA = XUALJ)/ALL

YT8 = YUB{J)/AL2

CALL ALLS{TAL,TA2,XTA,YTB,P113)
PKP = PKP*(l.~R#¥(l.-{1.~CAS5¢P1]13)s¢NB})
CONTINUE

G0 TO 100

DO 88 J = 1N

XTA = XUA{J)/S3

Y78 = YUBLJ)I/54

CALL AL13(ESL1,tS2,XTA,YTB,P113)
PKP = PKP & (1. — C4S5sP113)
CONTINUE

GO TO 100

DO 8T J = 14N

XTA = XUA(J)/S3

YIB = YuB(J1/S4

CALL ALL3(ESL1ES2,XTA,YTB,P113)
PA = P113

CALL Al13(WS1oWS2,XTA,YT8,P113)
PKP = PXP$ (1.-C45%(PA-P113))
CONTINUE

GO Y0 100

TAl = ET1/ALL

TAZ2 = ET2/A%2

WAL = W1/ALL

WA2 = W2/AL2

£O 85 J = 14N

XTA = XUALJ)/ALL

YT8 = YUB(J)/AL2

CALL ALL13(TAL,TAZ2,XTA,YTB,P113)
PA = P113

CALL AlLL13IWAL WA2,XTA,YTB,P113)
PKP = PKP & (1.=R*(1.=(1.~C4L5%(PA-PLi:ijo2ND})
CONTINUE

60 To 100

D0 84 J = 14N

XTA = XUA{J)/S3

YIB = YUB{J}/S4

CALL ALL3(ESL1,ES2,XTA,YTByP113)
PA = PLI3
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CALL ALLI(WEL WS29XTA,YTB,PL113)
PKP = PKP # {(l.- C45*%(PA-P113))
CONT INUE

PK& = ].-PKP

RETURN

END

SUBROUTINE AL13(AZeBZyXXeYY,P113)

DIMENSION DATA(1200)

DIMENSION A22(230}),+8221200)

COMMON DATA

COMMON SE4¢SE3,U39U402,5Q%+5Q2:Q19Q2,CL24P1,SP]+SQ3,C,CLI,AT1HAT2
COMMON BS1¢BS2+SEL2,SE224355CA59SW39SHG,STLoSUSSUSsALL)AL2,SW]
COMMON FCL3oFLL49ESLoES29FRL19ER2,ETBLETB2,WRLI,WRS :WBLWB2,)WS1,HS2
CUNMON A22,8224A1,A2,81,82

COMMON SQR2¢SPI24P12,AIMX,BIMX,TUL,TU2,T12,T22

COMMON R32,RO1,RD2,SPR,SHL2,5N22,SRR

COMMON SN100+SN101,SN102,SN110,SN112,X122

COMMON X100¢X101¢X102:X103¢XL04yX105,X106,%X107,X1089X109,X110,X2:1
COMMON N10O,N:O1sN102,N110yN112,INUN

COMMON KK yKOUT9KOOo KOs K11oLU3 oL UG NeNByLUS

EQUIVALENCE (DATA(66),UUS),IDATALLT),VVS)

€5 = 2.#PI/UUS

SK = VV§

PSUM = O,

00 S J = 1,LUS

IF({J.EQ.1) GO TO 1

SK = SK + ES

SSK = SIN(SK)

COSK = COS(SK}

K = BL ¢ XX # COSK ¢ AZ ¢ YY & SSK + Al * B2

CK s(Al ® COSK + XX)*%22 + (BZ & SSK ¢ YY)*%2

XYZJ = Z113(CK)

PSUM = PSUM + IK & XYZJ/UUS

CONT INUE

PL13 = PSUM

RETURN

END

FUNCTION B8ILG(T)

$2 = SQRT{(2.)

TA = T/S2

BIGG = 5 % (1. + ERFITA))
RETURN

END

SUBROUT INE DECRD{DATA)

DECIMAL CARD READ SUBROUTINE

MAIN PROGRAM MUST CONTAIN A DIMENSION STATEMENT AND CORRESPINDING
EQUIVALENT STATEMENT.

ARRAY DATA MUST BE FIRST ENTRY IN BLANK COMMON IN PROGRAM,
OIMENSION DRBU{5), DATA(Ll}, {1(35)

READ (5410) (L3{I)eIx145)s11STLo(ORBULJ)pJ=1,5)

J = TABS{I1STL)

00 30 I=1,5

IF (L1(1)NELO) 60 T0 30
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20 DATA(JS) = CRBULT)
30 J = J+l
IF (I1STL) 50040,9
40 WRITE (649001 (11(T)y1I=195)s11STL,(DRBULJI)I9J=1,45)
CALL EXIY
50 RETURN
L0 FORMAT (511417,5F12.,11)
Q00 FORMAT (1H!,86H*®*ADDRESS PCRYION OF IP CARD = ZERO. RUN TERMINAT
1ED. CARD IN ERROR PRINTED BELOW.*#¢/1HO0,511,1795F12.11)
END

St e e

SUBROUTINE FF(OXe0Y40LeSsAF)
AF = 0,

4 XPY = OX + OY

4 XMY = OX - OY

@ OL2 = 2.¢ OL

: CALL EE(XPY,OL+S,EEE}
1 E1 = EEE

: CALL EE(XMY,0L ;S,EEE)
i €2 = EEE

3 AF = E1-€2

3 RETURN

d END

SUBROUTIME HIYXyYLyHXL)
HXL = Q.
IFIYL.EQ.0.) GO TO 1
XPL = ¥YX + YL
AML = ¥YX ~ YL
HXL = (XPL*BIGGIXPL)<~XML®BIGGEXML)+SMG(XPL)-SMG(XNML))/{2,%YL)
GO T0 2
1 HXL = BIGGLYX)
2 RETURN
END

SUBROUTINE EE(XeCLySoEEE)
1F(S.€6Q.0.) GG TG 1
XS = X/S
SL = CL/S
CAalL HU{XS,SLHXL)
EEE= HXL
GO T0 5

1 AL = -CL
IFIX.LT.AL) GO TO 2
IF(X<Gt.CL) GO TO 3
EEC= {X+CL)/(2.3CL)
G0 TO 5

2 Ete= 0.
GO 10 5

3 EEE= 1.

5 RETURN
END

TRt - A Ve TE e T oo

SUBROUTINE SFIOX,0Y,S,SMF)
[F(S.tQ.0.) GO T3 )

Py S CLITIC RS A N Ty S S ¥
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XPY =(OX + LY)/S
XMY ={0X-0Y)/$S
SMF = BIGG(XPY)-BIGGIXMY)
GO T0 S5
1 IF(ABS(OX).LE.OY) GO TO 2
8 SMF = O.
: GO 10 5
2 SMF = |,
5 RETURN
END

SUBROUTINE HS(OX,0L,sSH)
; IF(OL.EQ.0.) GO TO 1
: CALL SF(OX,0Ly1e9SMF)
SH = S5KF/{2,.%0L)

: GO 10 2
: 1 SH = SMGIOX)

: 2 RETURN

) END

;

: FUNCTION 2313(S0)

P 1F(S0.LE..001) GO TO 1

4 Z113 = (1,-EXP(=S0/2.3)/50
- GO TO 2

- 1 2113 = .5 - S0/8. + $S0%%2/48,
. 2 RETURN

- END
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5.8, TEST CASES FOR A RIPPLE OF BOMBS AND FOR A RIPPLE OF FIXED DISPENSERS

Test Case 1

1 23 1 1 0 0 2 0

NO N1 N2 N3 N4 N5 N10 N11L N12 N3 Nl4 NiIS
1 0 0 0 0 0 0 1 n 0 0 Y

0 OF SP N N8 NVl NN&
40.00 20.00 €. 95 24 1 0 3
A3 A4 83 84 sl $2 $3 S4
400.,0000 200.0000 1.00600 1.0000  3C.0000 20,0000 0.0 0.0
T1 T2 Sul su2 ul vz Ll Qo
150.0000 100.0000 0.0 0.0 8.0600 8.0000 0.0 0.0
R1 R2 01 D2 R Wl We
15,0000 300000 1. 0000 1.0060 0.0 0.0 0.0
ET1 ET2 GCL3 GCLe yus vvs
0.0 2.0 0.0 0.0 40.6C00 0.0
AlLS)

-60.,00C0 <-60,0000 =-60.0000 -60.0000 <-60.,0000 =-60.,0000 -20.0000 -20.000C
-20.0000 -20.0000 -20.0000 -20.0000 20,0000 20.3000 20,0600 20,0000
20,0000 20,0000 60.C000 60.G000 60.C000 60.0000 60,0000 6C.0000
ety
-20.0000 -0.0000 2V0.00CG -20.0000 -0.COCO 20.G000 -20.0000 ~0Q.0000
26,0000 =-20,0000 -0.0C0C 20.0000 =20.0000 -0.0000 20.0000 -2G.0000
=0.0000 20,0000 -20.L000 ~0.C000 20.0000 ~-20.0000 =0 .0000 23,0000
KO = 11 0.122739
X(10) X1l x(12) X{13) Xt{14) X{1S) X¢30)
0.0 0.122739 0.0 0,0 0.0 0.0 0.0
x{:00) X(10%i X(102) Xx{103) X(104) X(105) X(1061)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
Xyi07) x{ 108} X(109) x(110} x(i1r x(112;

0.0 0.0 0.0 0.0 0.0 0.0

X(11) is the expected fraction damage to an area target from a ripple of ¥(1) bombs,
each subject to a gaussian ballistic error and the whole ripple subject to a gaussian
aiming error. The area is rectangular and oriented along and perpendicular to the
line of flight. The major damage is fragmentation., X(11) uses Ri and B2 entries and
B3=B4x].
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Test Case 2

e s

WRTIAL

par i

[ Srapateiion SRR A A T L R, RV A e h

i

X(13) is the same method of delivery as X(11) but the damage is based on impact (cookie-
cutter damage functior).

i

X(15) uses B3 and B4 entries and Rlm»R2=l,

- 23 1 1 0 o0 2 o
s NO NI N2 N3 N4 NS N1O NIL NI2 NI3 N1& N1
E 1 o o o0 o o0 o0 o o o o 1
: D DF sp N NB N1 NN
{ 40,00 20,00 0.95 24 1 0 3
: A3 A4 83 B4 51 52 $3 S4
: 400,0000 200,0000 20,0000  20.G000 30,0000 20.0000 0.0 940
;! 11 T2 su1 su2 u 2 L1 Q0
;o 150,0000 100.0000 0.0 0.0 8.000C  8,0000 0,0 0.0
. R1 R2 01 02 R w1 W2
P 1.0000  1.,0000  1.,0000  1.0000 0.0 0.0 0.0
»
: ET1 ET2 GCL3 GLLe uus s
;e 0.0 0.0 0.0 0.0 40,0000 0.0
5
1 ALd)
- ~60,0000 =-60,0000 =-60,0000 =-60.0000 =-60.C000 =60.0000 =20.0000 ~-20.0000
. ©20,0000 -20,0000 =-20.0000 =20.G000 20,0000 20,0000 20.000C 20,0000
E 20,0000 20,0000 60.00G0 60.0000 60,0000 60,0000 60.0000 60,0000
I 8iJ)
‘ -20,0000 ~-0,0000 20.000C ~-20.0000 -V.0000 20,0000 =~20.0000 ~0.0000
20,0000 =-20.0000 -0.€000 20.0000 -20.0000 =-G.0000 20,0000 =20.0000
-0.0000 20,0000 -20.0000 ~0.C000 20,0000 ~20.0000 =0.0000 22,0000
KO = 15 0.,048656
X109 x(11) X123 X(13) X(14) X(15) X(30)
0.0 0.0 0.0 0.0 0.0 0.048656 0.0
X£100)  X(10L)  X(102)  X(103)  X(106)  X(105)  X(106)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
X€107)  X(108)  X(109)  X{110)  X{11l)  X(112)
0.0 0.0 0.0 0.0 0.0 0.0
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Test Case 3

3 23 1 1 0 0 1 0

NG NI N2 N3 N4 N5 NIO NL1 N12 N3 N1& NIS
0 1 0 0 0 0 0 0 0 0 0 0

0 OF sP N NB NVI NNé
20.00 0.0 0.95 4 1 0 1
A3 A4 83 84 st s2 $3 S4
400,0000 200.0000 1.0000 1.0900 30,0000 20.0000 0.0 .0
T1 T2 sul sz Ui u2 L1 Qo
150,0000 1C0.0000 0.0 0.0 8.0000 8.0000 0.0 0.0
R1 R2 o1 02 R Wi W2
15,0000 30.0000 1.n00C 1.0000 Vo0 C.0 0.C
ET1 ET2 GCL3 GCLa uus vv5
0.0 0.0 0.C 0.0 40.0000 0.0
AtJ}

-30.0000 =10.0000 10.00C0  30.0000
ALL B(J) = O.

X{1) x{2) x{3) X(4) X(51}

C.,031374 0.G 0.0 0.0 0.0

Xxt10) X(11) xt12) X(13) i(lk! X{15}) x(30)
0.0 0.0 0.0 0.0 0.0 0.0 0.0

x{3100) x(101t Xx(102) X(103) X{104) X(105) Xx{106}
G.C Q.0 0.0 0.0 0.0 0,0 0.0
x{107) Xt108) X{ 109} %X{110) xt* 11} A(112)

0.0 .0 0.0 0.0 0.0 C.0

X(1) is the same as X(11). The method of computation is different and is faster
than X(311) provided #(1l)si2, This restriction has been built {n to the program.
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Test Case 4

4 23 1 1 0 0 1 )

,A
v — A

NO NI N2 N3 N4 N5 N1O NlIL NI2 N3 Nl& NLIS
0 0 0 0 0 1 0 0 0 0 0 0

3
.§ ) OF sP N NB VI NN
R 20,00 040 0.95 4 1 0 1
§§ A3 A4 B3 B4 st $2 $3 S4
i 400.,0000 200,0000 20,0000 20,0000 30.0000 20,0000 0,0 0.0
: T T2 sul su2 ul v2 L1 Qo
i 150.0000 100.0000 0.0 0.0 8,0060  8.0000 0.0 0.0
R1 R2 01 02 R w1 w2
1.0000  1.0000  1.0000  1.0600 0.0 0.0 040
ET1 ET2 GCL3 GCL4 uus Vs
0.0 0.0 0.0 0.0 40,0000 0.0

AtJ) .
=30,0000 =-10.0000 10.0000 30,0000

ALL B8(J) = 0.

i
s
g
"
3
-
t)
4
§
¢
§
N
o4
¥
P
i
e
54
E
H
o
e~
o
s

Xt} X(2) X(3) X(4) X(5}

0.0 0.0 0.0 0.0 0.009736

Xx(10) X(11i xt12) x(13) X{14) X€15) X{30}
0,0 0.0 0.0 0.0 0.0 0.0 0.0

X( 100} xt101) Xx(102) Xx(103) X(104) X{105) X{106)

0.0 0.0 0.0 0.0 0.0 0.0 0.0
X{107) X{ 108} X({105) X{110) Xf11y) X112}

0.0 0.0 0.0 0,0 0.0 0.0

X(5) is the same as X(15). It should be restricted to N(1)sé.
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. Test Case 5
5 23 1 1 1 0 1 0
NO NI N2 N3 N4 N5 NI1O NIl N12 NL3 N14 NIS
1 0 o] 0 0 0 0 0 1 o (1] 0
] OF sP N N8 NVI NN4
0.0 3¢.00 0. 95 2 100 15 1
A3 A& 83 84 S s2 $3 S4
800.0000 2€0.0000 1.0000 1.0000 1.0000 20,0000 0.0 0.0
T1 . T2 sul su2 ul u2 L1 Qo
150,0000 1900.0000 0.0 0.0 8.0000 8.0000 1.0000 0.0
R1 R2 D1 D2 R W1 W2
7.5000 15.000C 1.0000 1.0600 0.0 0.0 0.0
ET1 ET2 GCL3 GCLS uus vvVs
0.0 0.0 0.0 0.0 40,0000 0.0
SVIi(y)
0.0 100.0600 200.0000 300,0000 400.0000 500.0000 600.0000 700,0000
806.0000 909.0000 2000,0000 1100,0000 1200.0000 1300,0000 14C0.0000
8rItd)
0.0 0.0200 0.0400 0.0600 0.0800 0.1000 0.1000 0.1000

0.10060 0.1600 0.1000 0. 0800 0.0600 0.0400 0.0200
ALL ALJ) = 0.

8tJ)
0.0 0.0

KO = 12 0.141609
X(10} X1} x{12) Xx{13) X(14) X{15) x(30)
0.0 0.0 Cel41609 0.0 0.0 0.0 0.0
Xt 100) X(101} x{102) X(103) X(104) X{105) X(106)
6.0 0.0 0.0 0.0 0.0 0.0 0.0
X107} X{108) Xx{109}) X(110) X{ii11 X(112)
0.0 0.0 0.0 0.0 0.0 0.0

X(12) gives the expected fraction damage to an area target from a ripple of fixed
c¢ispensers, where the ballistic dispersion of the bomblets in range is given by a
table. The deflection dispersion is gaussian, as is the aiming error. The major

damage effect is fragmentation. Ri, K2, CL1, Q0, S2, and B3=B4=] are required inputs.
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NO N1 N2 N3
1 0 0 0
0 OF
0.0 30,00
43 Ab
800.0000 200.0000
Tl T2
156.0000 100.0000
R1 R2
7.5000 15,0690
ET1 Ev2
0.0 0.0
svid)
9.0 100.0000 2
800.0000 900.0000 10
8P Ity)
0.0 0.0200
0.1000 0.1000

ALL AlJ = 0.

BlJ)

0.0 0.0

KO = 13 0,139480
X{10} Xt11)
0.0 C.0
X{100) X¢101)
0.0 0.0
X107 x(108)
C.0 0.0
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Test Case 6

| 1 1 0 1 0
N4 N5 N1O NIl N12 N3
Y 0 0 ¢ 0 1
SP N NB
0.95 2 100
83 B4 sl
1.0600 1.0006 1.0000
sul su2 ul
0.0 0.0 8.0000
01 D2 R
1,0000 1.0000 0.0
GCL3 GCL4 uus
0.0 0.0 40,0000
00.0000 300.0C00 400.0C00
00.0000 1100.0000 1200,0000 1
0.0400 0.5600 0.0800
041000 0.0800 0.0600
X{12) X(13) X(14)
0.0 04139480 0.
x(102}) x(103) X{104}
0.0 0.0 C.0
X109} X{110) x{111
0.0 0.0 0.0

X(13) 1is an approxswation to X(12).

Nl4 NS
0 0
NVI NN4
15 1
$2 $3
20,0000 V.0
v2 L1
2.0600 1.0000
Wl W2
0.0 0.0
vvs
0.0
500.0000 600.,0C00
300.,0003 1400.,0000
C.10C0 C.1000
0.0400 0.0200
X151} X(30)
0.0 0.0
X(105) X106}
0.0 0.0
X(i12)
0.0

Sk
0.0

Qo
0.0

700.0000

0,1000
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Test Case 7
T 23 1 1 1 0 1 4]
NO Ml N2 N MNe N5 N10 Nl11 N12 N3 N
' 0 0 0 0 0 n 0 0 0
0 DF 114 N N8
0.0 30.00 0.95 2 160
A3 A4 83 84 si
800.,0000 20C.0000 15.0000 15.06Q0 1.0000 2
Tl T2 sul su2 ul
150.0000 100.,0000 0.0 0.0 8,0000
R1 R2 Dl 02 R
1.0000 1.0000 1.C000 1.0000 0.0
ET1 ET2 GCL3 GCLS uus
0.0 0.0 0.0 0.0 40.0000
svitJd)
0.0 190.0000 200.,0000 300.,0000 400.0000 50
8C0.,0000 900.0000 1000.,0000 1100.G00C 1200,0000 130
BPILJ)
0.0 0.0200 0.0400 0,0600 0.0800
0.100C 0.1000 Q.1000 0.0800 0.0600
ALL AfS) = 0,
8(J)
0.0 0.0
KO = 14 0.,099638
x{10} X{ i) Xt12) X(13) xX(16)
0.0 0.0 0.0 0.0 0.099638
X(100) X(101) x(102) X{103) X{104)
0.0 0.0 0.0 0.0 0.0
X(107) X¢ 108 x(109) X(110} X(151}
0.0 0.0 0.9 0.9 0.0

4 1S
1 0
NVl NNé
15 1
§2 $3
0.0000 0.0
u2 L1
8.00C0 1.0000
Wl w2
c.0 0.0
vvs
0.0
0.0600 600,0000
0.0000 1400.0000
0.1000 0.1000
0.0400 0.0200
X153 X{30)
0.0 0.0
X{105) X(106)
0.0 G0
xgyree!
0.0

$4
0.0

Qo
0.0

700.0000

.

0.1000

X(14) is for the same type of delivery as X()2) but the damage effect is based on im-

pact (ccokie-cutter damage function).

Required inputs are B3, B4, and Rl=R2=],
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Tegt Case 8

8 23 1 1 1 0 1 0
NO N1 N2 N3 N4 N5 N1O N11 N2 NIF Nlé  AlS
0 0 1 0 v ¢ ¢ 0 0 0 0 0
0 OF se N N8 NV I NN
C.0 0.0 0.95 l 30 15 ]
A3 A4 83 84 sl s2 53 S
200.0000 200.9¢00 1.0000 1,0006G 1.0000¢ 20,0000 0.C 0.0
T T2 Sul Su2 ul u2 Ll Qo
50,0000 190.0000 2.0 0.0 8.60C0 8.G00C 1.¢000 0.0
RL R2 01 02 R Wi W2
7.5000 15.0000 1.00C0 1.0600 0.0 G.0 0.0
ET] ET2 GCi3 GCLe uus vvs
0.0 0.0 Ved 0.0 40,0000 C.C
SY1itJ)
0.0 100.0000 200.0000 300.0Q00° 4G0.0005 500.0000 600.,0000 700.0000
8C0.0000 990.0000 1000.C000 1100.C000 1200.0000 1300,53000 1400.C00G
B8Pt}
0.0 0.0200 0. 0400 0.0600 0.0800 €.1000 0.1060 0.1000
¢.1000 0.1600 0.1000 0.0800 0.0600 0.04G0 0.0200
ALL AlJ) = O,
ALL BlJ) = 0.
x{1) X2 X{ 3) X(4) X{5)
0.0 0.028578 0.7 0.9 Q.0
x{10} x(11) x{12) xt13} X(1¢) X{1%) X{30)
0.0 0.0 0.0 C.0 0.0 0.0 0.9
X(100} X(103) x(102) x{103} X{504) X(105) X{106}
0.0 0.0 0.0 0.0 0.0 0.0 G0
X(107) X{ 108} X109} x(i110} xti111? x{112}
0.0 0.0 €. 0 0.0 0.0 0.0

X(2) is the same as X(12) except for the method of computation.

It applies only to

one dispenser and is valid for a small number of bomblets (NB<30) .,
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Test Case 9

9 23 1 1 1 0 1 o
NO Nl N2 N3 N& N5 NIO N1l N12 N3 Nl& NIS
0 o) 0 t n 0 c 0 3 0 (" e
0 OF sp N NB NV NN4
0.0 0.0 0.95 1 30 15 1
A3 A4 83 B4 31 $2 $3 S4
800.0000 200.0000 1. 0600 1.,0000 1.0000 200000 0.0 0.0
11 12 sul su2 u uz L1 Qo0
150.0006 100.0000 0.0 0.6 8.0600 6.0000 1.G000 0.0
R1 R2 D1 D2 R Wi w2
7.5000 15,0000 1.0000 1. 0000 0.0 0.0 0,0
ET1 ET2 GCL3 GCL4 uus '
C.0 0.0 0.0 0.0 40,0C00 0.0
SVI(J)
0.0 100.0000 200.G000 300.0000 400.0000 500.0000 60G.0000 700.0000
8G0,0V00 900.0000 1000.0000 1100.6000 1200.0000 1300.0000 14C0.0000
BPILY)
0.0 0.0200 0.0460 0.0600 0.0800 0.1000 0.1000 0.1000
0.1000 041000 041000 0.0800 0.C600 0.0400 0.0200
ALL A(J) = O,
ALL BUJ) = O.
xt1) X(2) x{ 3) X{4) X(5)
0.0 Ue0 0.0279C4 0.0 0.0
X(10% x(11) xt§2) X(13) %x(14) x(15) X{30)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
x4100) x(101) x(102) X£163) X(104) X(1C5}% X{106)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
x(1uT) x( 108) %0109} X(110) X111y~ xq112)
0,0 0.0 0.0 0.0 0.0 0.5

X(3) fs the same as X(13) except for the method of computation,

one dispenser and is valid for a small number of bomblets (¥B<30).

It applies only to
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0.95

83
15.0000
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0.0

01
1.0000
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Test Case 10

l o 1
Ni2 NL3
0 c 0 0
N NE
1 30
84 sl
15. 0000 1.0000
su2 ul
0.0 8,0000
02 R
1.0000 0.0
GCLs uus
0.0 40.0C00

100.0000 200.(0G0 300.0000 400.0000
800.,0000 950,000C 1000.0000 1100.C000 1200.,0000

10
NO Nl N2 N3
0 0 0 0
0 OF
0.0 000
Al A4
8C0.0000 200.90C0
T1 T2
150.,0000 100.0000
R1 R2

1.00C0 1.0000
ET1 Er2

0.0 0.0

SVItd)

0.0

AP 1(J)

0.0 0.0200

0.1000 0.1000

ALL AlJ = 0.

ALL BtJ) = 0.
xt1) Xt 2}
C.0 Ue0
X{10) X(11})
0.9 0.0
X{(1001} xt101)
Gl 0.0
x(107) x{108)
0.0 0.0

0. 04C0
0¢10C0

xt3)
G.C
Xxt12)
0.0 .
xt102)
2,0
x{109)
0.0

0.C600
0. 0800

X{4?
0.018550
x{13)
0.0
X(1903)
C.0
x(110}
0.0

G+ 0800
¢.0600

x{5)
Q.0
X(14)
0.0
X{104)
0.0
x{111}
0.0

0
Nl4 NS
0 0
NV
15
$2
20,0000

2
8..000

Wl
C.0

vv5
C.0

NNé

s3
0.0

L1
1.0000

W2
0.0

50,0000 60G.0000
1300.0000 1400,0000

G.l0C0
C+2400

x{15}
C.0
X(105)
0.0
Xtl12}
0.0

X(4) is the same as X(i4) except for the method of computation.

0.1000
0.C200

X{30}
0.0
X(106)
0.0

S4
0.0

Q0
0.0

700,000C

0.1000

It appiies only tv
one dispenser and is valid for a small numter of bombiets (NB<30).
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5.9. TEST CASES FOR A RIPPLE OF DISPENSERS, RECTANGULAR BOMBLET PATTERN

The series X(103) through X(106) applies to ripples of dispensers released from the
carrier, which provide a rectangular pattern of bomblet impact points. X(103) ap-
plies to the case in which the majcr damage effect {s frcm fragmentation, while
X(105) is for the cookie-cutter damage effect case. The ballistic dispersion is
taken into account for these cases. If the MAE of an individual bomblet is appreci-
able (say, at least a tenth) of the total dispenser pattern area, the edge effects
(effect of a bomblet outside the pattern area) become important. In these cases,
X({104) is used for the fragmentation case and X(106) for the cookie-cutter case.

In both the latter, the dispenser ballistic dispersion is ignored. &l=Y2=353=54=0,
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; Teat Case 11
11 23 1 1 0 () 1 1
NO N100 N101 N202 N103 N10G4 N105 N1O6 NLO7 N1O8 NIO9 NI1C N1ll N112
1 0 0 1 0 0 0 0 0 0 c 0 0
D OF P N NG NVI NN4
0.0 0.0 1.00 1 300 0 1
’ A3 A4 83 Bé st s2 $3 $4
320.,0000 320.0000 1.0000 1.00060 6.0 0.C 50,0006 30,0000
Tl T2 sul sU2 ul u2 Ll Q0
200.0000 150.0000 0.0 0.0 8.00C0 8.0000 0.C 0.0
R1 R2 D1 02 R Wl W2
\ 7.5006 15.0000 1.0000 1.0000 0.9000 0.0 G0
: T ET2 GcL3 GCLe s wvs
; 0.C 6.0 180,0000 15G6,0000 40.0000 0.0
{ ALL ALJ) = O,
; ALL BLJ) = O,
: sWl $5 R3
: 0.0 38,7298 10,6066
7 KO = 103 0.191514
14
: X(10) X(11) xt12) X(13) x(14) X<15) x€20)
g 0.0 0.0 0.0 Ce0 0.0 0.0 0.0
3 x(100) X(101) X(102) X(103) X(104) X (105} x{106)
P
3 ' 0,0 0.0 0.0 0.191514 0.0 0.0 0.0
= X(107) x(108) X(109} X(110) X(111) X (112}
5
é 000 0.0 000 000 000 G.O
3
s

T MU S M L O e

joss

TRt S

TR R o

s

BEE

T T e s Sy
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Test Case 12

12 23 1 1 0 0 1 1

NG N10O N101 N10Z N103 N1O& N1O5 N1O6 N1OT N108 NIC9 NL10O N1ll N1l2
)3 0 0 0 9 0 1 0 2 ¢ Y 0 0 0

0 OF sp N NB 7 NN4
0,0 0.0 1.00 1 390 0 1
a3 A4 83 B4 51 $2 $3 54
320,0000 32u,C000 10,0000 10,C0C0 0.0 0.0 50.0600 30,0000
181 12 sul su2 ul u2 L1 Q0
200.0000 150.0000 0.0 0.C 8.0C0G  8,0CCC 0.0 0.C
: R1 R2 01 02 R Wl w2
3 1.0000  1.0000  1,0000  1.00u0  0,9000 0.0 0.0
3 €T1 €12 GCL3 GCLé uus vV
0.0 6.0 180.0C00 150.C000 40,0600  C.0
ALL AtJ) = 0.
AL BlJ) = 0,

SWl $5 R3
0.0 38,7298 1.0000

KO = 1(5 0,074095
x(10}) x(11) X(i2t Xx(13} X{14) X(15) X(30}
0.0 0.9 0.0 IR 0.0 0.0 0
X11001} Xx{101) X(102) X{103}) X(t1041 X(:05) x{306)
.0 0.0 o0 .0 0.0 0074095 00

X107} X(108} Xt109) X{119}) X111} Xtil12}
0.0 0.0 0.0 0.0 Ge0 0.0

AP IRAT

SOy R
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13 23

3

0 OF
0.0 0.0

A3 A4
320,0000 320.0000

Tl T2
200.0000 150.0000

R1 R2
30,0000 40,0000
ET1 ET2

0.0 0.0

AL AtJ) = D,
ALL BlJ4) = 0.

SW) $5
0.0 0.1000

K3 = 104 0,165298

Xi10} xt11)
0.0 0.0
X(100} X(101#
0.0 0.0
X{i07) X(108j
0.0 0.0

1

sp
1.6G0

B3
1.0000

sul
0.6

01
1.0000

GCL3

180,0000

R3

34,6410

xt12)
¢.0
Xt102)
0.0
X(109)
0.0

1
NO K100 N1U1l N102 N1C3 N1Q4 N1
0 0 o Q 1
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Test Cas: 13

c

N
1

-1
1.0600

su2
0.0

D2
1.0000

GCL4
150.0000

x{13)
0.9
X{103
.0
X{110)
0.0

0

1

NB
20

st
0.0

ur
8.0000

R
0.9000

uus
40.0000

x{14)
0.0
Xt104)

0.165298

x(1111)

Q0.0

NVI
0

s2
0.0

v2
8.0000

Wl
0.0

vv5
0.0

Xt15)
0.0
X (105}
08
X(112)
0.0

05 N106 N1Q7 N1OB N109 N11C N1ll N112
¢ 0 0 0 0 0 0 0

NN&
1

$3
00

L1
0.C

W2
0.0

X(30})
0.0
X(106}
C.C

S4
G.0

Qo
C.GC
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Test Case 14

14 23 1 1 0 0 1 1

NO N10C NICL N102 N103 N1O& N105 N1O6 NIOT NLO8 N1O9 NL1O N111 N2
1 0 9 0 0 0 Y 1 0 0 Y 0 0 0

0 OF sP N NB Nvi NN&
¢.0 0.0 1.00 1 20 0 1
A3 A4 &3 B4 51 L4 $3
320.0000 320.0000 70.060u0  70.0000 0.0 0.0 0.0 0.0
Tl T2 sul Su2 Ul u2 L1
200,0000 150.,0000 0.0 0.0 8.0000 8.0C00 0.0 0.0
RY R2 D1 D2 R Wl W2
1.0000 1.8000 1.0000 1.€000 0. 9000 0.0 0.0
ET1 ET2 GCL3 GCL4 uus vv5
0.0 0.0 180,00C0 150.C000 40.0000 C.0

ALL ALJ) = O,
ALL BlJ) = 0,

SWl $S R3
0.0 0.1000 1.0000

KO = 1C6 0.199237
X{10} (11} Xxt12) x(13) X{l4)} x(15) X130}
0.0 c.0 0.0 0.0 0.0 0.0 0.0
x(100) x{101) xti102} xt103) X{104) X(L05) X(106}
0.0 0.9 C.0 0.0 2.0 0.0 04199237
X(107) x(vos! x(109} X(110) A{111) xt112)
C.0 0.0 0,0 0.0 0.0 0.0
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5,10, TEST CASES FOR A RIPPLE OF DISPENSERS, ELLIPTIC BOMBLET PATTERN

X(107) through X(109) apply to ripples of dispensers released from the carrier,
which provide an elliptic paétern of bomblet impact points. X(107) applies to the
case in which the major damage effect is fragmentation, while X(109) applies vo the
cookie-cutter type damage effects. The ballistic dispersion is taken into account.
If the MAE of an individual bomblet is appreciable compared with the total dis-
penser pattern arei, the edge effects (effect of a bomblet outside the dispenser
pattern arca) become important. In this case, X/108) ls used for a fragmentation
effect., For the cookie-cutter effect, one may use an equivalent rectangular pat-

tern (equal area and ratio) in X(106) above.
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Test Case 15

15 23 1 1 Y 0 1 1
NO N100 N101 N1G2 N103 N1Q& N10O5 NLO6 N1O7 N1O8 N109 N1)O N111 Nil2
1 0 0 0 0 0 0 Y 1 0 Y 0 0 0

D OF sP N NS NV1 NN4
100.00 0.0 1.00 2 400 0 1
4
3 A3 A4 83 B4 s1 s2 $a )
3 320.0006 320.0000 1.0000 1.0000 0.0 0.0 50,0000 30,0000
;: T: T2 sui Su2 ul u2 L1 Qo
4 200.,0000 150,0000 0.0 0.0 8,0000 8.0000 0.0 0.0
X
: R1 R2 Dl D2 R w1 w2
. 7.0000 14.0000 1.0000 1.0000 0,9000 0.0 0.0
1 18 ET2 GCL3 GCL4 yus 'L
i 200.0000 15€.0000 0.0 0.0 40,0000 0.0
2 ALY)
50,0000 50.0009 .
ALL BLJ) = 0,
SWl ss R3
0.0 36,7298 9, 8995
KO = 107 0.30%239
X(10) xt11) X(12) xt13) X(14) x(15) X120}
0.0 0.0 C.0 0.0 0.0 0.0 G.0
xt100) X¢101) X(102) X{103) X{104) X(105) X(106)
0.0 0.0 C.0 0.0 060 0.0 0.0

X{107) x{108) X{109) X¢1190} X(111; X{112)
0.,305239 0.0 0.0 .0 0.0 0.0
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ot Test Case 16

16 23 1 1 0 0 1 1

NO N100 N101 N102 N103 N104 N1O5 N106 'N1O7 N1G8 N109 NI10 NIll N1l2
1 0 0 0 0 0 0 G 0 3 0 Q e 0

) OF sp N NB VI NN4
100.00 0.0 1.00 2 00 0 1
3 a3 A% 23 25 st €2 $3 Sa
§ 320,000 320.0000 1.0000  1.0000 0.0 0.0 0.0 0.0
; 11 T2 sul su2 ul v2 L1 Qo
: 200.0060 150.0000 0.0 0.0 8.6000  8.0000 0.0 0.0
- R1 R2 01 D2 R Wl W2
¢ 7.0000 14,0000  1,0000  1.0000  0.9000 0.9 040
i
: ET1 ET2 GEL3 GCLe uus s
g 200.,0000 1500000 0.0 0.0 40,0000 0.0
; ALY)
: -50.0000 50,0009
:
d ALL BCJ) = 0.
H
7 SW1 $5 R3
; 0.0 0.1000  9.8995
4

KO = 108 0.311146
X{10} X{11) Xti2) X{13} X(i4) x{1s5} x{30)
0.0 0.0 C.0 C.0 Ce0 0.0 0.0
X100} Xxt101} x{102) X(103) Xx{(10¢) X€105) Xx(106?
0.9 .0 0.0 0.0 CeG C.C 0.0
X{107) xt108} A(109) x{i10} x(i11}) X¢112)
0.0 0.311146 G.0 0.0 Ce0 C.C

P T A T R T T

Rk s b

s
4
3
.
<

:

ORYTRT 5450
W e e e
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Test Case 17

1 0 0 1 1

NO N100 N101 N102 N103 N1C% N105 NiOQ6 ng? Ni08 N1C9 NL10G N11l1 N112
0 0 1 0 c 0

17 23 1
1 0 9 1 0 0 0
0 DF SP N
100,00 0.0 1.00 2
A3 A4 83 B4
320,0000 320.0000 10,0000 10.0000
Tl T2 sul Ssu2
200.,0€00 150.0000 Je0 C.0
R1 R2 ol D2
7.0000 14,0000 1. 6CCC 1.0006
ET1 ETZ GCL3 GCL4
200,0000 150.0000 2.0 0.0
Ald)
-50,0GCY 50,0080
ALL 8(J) = 0.
sWi $5 R3
0.0 38,7298 9. 8995
KO = 109 0.166712
X{10) X(11) X{12) x{13)
0.0 0.0 0.0 0.0
x(100) X¢101) x(102) x{103)
0.0 0.0 0.0 C.0
X(107) X(108) X(109) X(110)
0.0 0.0 0.166712 Cev

N8 Nvi
400 0
Sl 2
0.0 0.0
ul U2
8.0000 8.,0000
R Wl
0.9000 0.0
uus vvs
4G.0000 0.0
X(1l4} Xt15)
6.0 ColC
X{1Ge) Ri1e5)
CeC 0.C
X(1il) X(ri2)
0.0 0.C

NNé.
1

s3
$0.0600

Li

S$4

30.0000

Qo

0.0 ’ 0.0

W2
0.0

X{3C)
0.0
X(106)
0.0
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5.11, TEST CASFES FOR A RIPPLE OF DISPENSERS, ELLIPTIC ANNULUS BOMBLET PATTERN

X(110) thyough X(112) are the scme, respectively, as X(107) through X(109) except
that the dispenser pattern s an elliptic annulus. X(110) applies to the fragmen-
tation case while X(112) applies to the cookie-cutter case, X(111) is tue fragmen-

tation case when the edge effects must be taken into account,
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Test Case 18

18 23 1 1 0 0 1 1

MO N100 N1UL N102 N103 N1O4 N10S N1O6 NLOT N1O8 NI1Q9 NL1O0 N111 N1i2
1 9 0 0 4 0 0 0 0 0 Y ¢ 0 1

0 OF P N N8 N1 NN&

100.00 0.0 1.00 2 400 0 1

A3 A4 83 84 si 52 $3 sS4
320.6060 320.0009 10,0000 10.0000 9.9 0.0 50,0060 30,0000

T1 12 sul su2 1 g2 1 Q0
200.G000 150.0000 0.0 0.0 8.0000 8,0000 0,0 0.0

R1 R2 01 02 R W1 W2

7,0000 14,0000  ..0000  1.0000  0.9000 100.0000 75,0000

ET1 ET2 6oL 3 6CLée yus s
200.0000 150,0000 0.0 0.0 40,0000 0,0

ALS)

«50.0000 50.0000
ALL 8(J) = 0.

Sl §S R3
86,6025 38,7298 9.8995

KO = 112 0.,153198
X{10} xt11) xt12) X¢13) Xtl4) X(15) x4{30)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
X(100) Xt 101) X(102) X(103} X104} X550 X1106)
0.0 0.0 G.0 0.0 0.0 0.0 0.0
x{107) X{108) x(199) X{110)} X{111) X{112)
0.0 0.0 0.0 6.0 0.0 0.153198
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Test Case 19

Y 0

1 }

NO N100 K101 N20Z N103 N104 N10S N1O6 NICT NLOB8 ~NEO? N110 N1IL N112
0 0 0 0 ¢ 0 0 1 0 0

19 23
1 0 0 ()
o DF
100-00 0.0
A3 Adb
320.0uvov 320,0G00
T1 T2
200.0000 150.,0000
R1 R2
7.,0009 14,0000
E£V1 ET2
200.,0000 150,0000
Aly)
~50.0000 50.0000
ALL 8lJ) = 0.
Sl $5
86,6025 38,7298

KO = 110 0.26849%

X(1G)
040
X(100}
0.0
ALOT)
G.0

xt11)
2.0
X{101)
0.0
Xi108)
0.0

sP
1.00

83
1.00C0

sul
0.0

D1
1.0000

GCL3
0.0

R3
9. 8995

X{12)
0.0
xt102)
0.0
X{10¢%)
C.0

N NB
2 40
B4 Sl
1.0000 0.0
Su2 ut
0.0 8.0000
D2 R
1.0000 0.9000
GCL4 uus
0.C 4G.0000
X(13) X{14)
0.0 0,0
X(103) X({104})
0.0 0.9
X(116} Xt}
0.268495 0.0

NV NN4
0 1
S2 S$3
0.0 50 .0000
U2 ti
85,0000 0.0
Wl Wz
100,0000 75.Q0000
vvS
c.0
X159 X{30)
0.0 0.0
x{10% X(106)
(0 0.0
x(112)
0.0

S4
30.000C

Qo0
0.0
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Test Case 20

2C 23 1 1 0 0 1 1

NO N1OG NIGL N102 N1J3 H104 N1O5 N1Q6 NIOT N1O® N109 NL11O N111 Wli2
1 0 0 0 ¢ 4] ¢ 0 ) ¢ 0 0 1 0

0 OF sP N N8 NI NNG
10C .00 0.0 1.00 2 40 ¢ 1
A3 A4 83 84 s1 $2 $3 S4
20,0000 320.00060 1.9000 1, 0000 0.0 0.0 0.0 0.0
Ti T2 sul su2 ul Uz L3 Q0
200.CU00 150.0000 0.0 0.0 8.0000 8.0000 040 0.0
R1 R2 01 D2 R Wi LT
36.0000 40,000y 1.0%00 1.0000 0.9000 100.0000 100.0000
ET] £72 GCL3 GCL4 uus vv5

200.,000C 200.0000 Q0.0 .0 40,0000 0.0

Aly)
-50.0000 500000

ALL Bly) = 0.

Swl S5 R3
106.000u €. 1000 3406410

KD = 111 0383570
x{10) X(11) Xx(12) X(:3} X{l4) X(15) x{(30)
G.C0 0.0 C.0 G.0 0.0 0.0 0.0
X{ 100} o0 x(102) Xt103) X{1G%) X{105) Xx{106)
0.0 0.0 .0 0.0 0.0 0.0 0.0
X{107) X(108) X(169) x{110!} X111} X{112})
0.0 0.0 G,0 0.0 0.38357¢ 0.0
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5.12. TEST CASES FOR A RIVPLE OF LISPENSERS, CIRCULAR ANNULUS BOMBLET PATTERN

X(100) rhrouzh X(102) are the same, vespectively, as X(110) through Y(112) except
tha: the bomblet patterns are circular. Turthar, an approximation is made that is
valid only when the ratioc of the pattern rauius to the ballistic error is suffi-
ciently large. X(100) applies to the fragmentation case while X(102) applies to
the cookie-cutter case. X{10l1) is the fragmentation case when edge effects must

be taken into eccount.
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Test, Jaxe 21

21 23 1 1 4 0 i 1

NO N10G N101 N102 N103 N104 N105 N1U6 N1OT NLOB N1C9 N110 N11l Wl)2
i 1 0 0 9 0 0 0 Y 0 0 0 o 0

D OFf sP N NB NVI NNé

30.00 0.0 1.C0 6 209 9 1

A3 A4 83 84 Sl s2 $3 S4
400,000¢ 20G.0000 1.0090 1.0060 Co0 0.0 30.0000 30.0000

Tl T2 sul su2 ul v2 L1 Qo0
200,0000 150.0000 0.0 0.0 8,0000 28,0000 0.0 0.0

R1 R2 0: 02 R Wl We

7.0000 14,0000 1.0000 1.0000 0,900 100.0000 100.G000

ET1 ET2 GCL3 GC L4 uus A 4]
200,0000 200.0000 0.0 0.0 40,0000 0.0

Agt
-75.0000 =45.0000 =-1%5.0000 15,0000 45,0000 75,0000

ALL B(.) = 0.

Swl 35 R3
160.0000 30.0000 9.8995

KO = 100 0.412809
X(10} xtily x(12) X(13) X{14)} X(15) X(30)
0.C Va0 ve0 0.0 0.0 00 0.0
X{100) X{301) Xxi1162) X{102) X(104) Xt105} X(106}
Ce4l9609 0.0 0.0 0.0 0.0 . 0.0 0.0
X1 X( 108} x{1909) X(110) X111} X{112)
0.0 0.0 -0 0.0 0.0 0.0
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22
1
0
30,00
Al
400,0000

T1
200,0000

R1
1.0000

ET1
200,0000

Atd:
=75,0000

ALL BlJ}

SW1l
100.0000

23

OF
c.0

A4
2000000

T2
150.0000

R2
1.0000

ET2
200.0000
-45.0000

= Q.

$5
30,9000

1 1

NO N100 N101 N102 N103 N104 N1
] 0 1 0 ¢

sp
1.00

83
10.0000.

sut
0.0

01
1,0000

GCL3
0.0

~-15.0000

R3
1.0000

KO = 102 0.226833

Xx{10)
0.0
X100}
0.0
X{10m)
0.0

Xtit)
0.0
Xti101)
0.0
X{108}
0.0

X(12}
0.0
X(102)
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Test Case 22

0 0
03 N106 NLOT7 N108 NLD9 N1XO N1l11 wM1i2
] 0 0 0 ) 9 0 0

N
6

B4
10.GC00

Su2
0.0

02
1.0000

GCLs
0.0

15.0000

X(13)
0.0
X(103

0.226833 0,0

X(109)
0.0

X(110)
C.0

H 1

N8
200

s1
0.0

ul
8.0000
R
0.9G00
uus
40,0000

45,0000

X(14})
0.0
X(104)
C.0
Xti11}
0.0

NVI
0
LY ]
0.0
u2
8.0000
Wl
100.0000
s
0.9

75.0000

X(15)
0.0
X(105%
-0.0
X(112)
0.0

NN4
1

$3
30.000C

Ll
0.0

W2
100,0000

X030}
0.0
X(106)
0.0

S4
30.0000

Qe
0.0




-128-

Test Case 23

23 23 1 b} 0 0 i 1

NO N100 N101 N102 N103 N104 N105 N1O6 NIC7 K108 NLO9 NL10 N1ll1 N21)2
1 0 1 0 9 Y 0 0 0 ¢ 0 0 0 0

0 OF Sk N N Nve NN4
30.00 0.0 1. 00 6 20 0 1
A3 Aé el 84 sl 52 $3 Sé
400,0000 260.,0000 1.00C0 1.0000 0.0 0.0 0.0 0.0
71 . T sul Su2 ul v2 Li Qo
200,000 150.0000 0.0 0.0 8.0000 8.0000 0.6 0.0
R1 R2 01 02 R Wl LI
1%.0CC0 16.0000 1.0000 50000 0.9000 100.3000 100.0000
EV] ET2 GCL3 GCLe uus vv$
200.0000 200.0000 0.0 0.0 40,0000 0.0
A3}

~75.0000 ~-45,0000 -15.00CC 15.0000 45,00() 75,0000
ALL BtJ) = 0.

sWl S5 R3
100.0000 0.1000 16.8819

KO = 101 o0.211221
X{10} X1 x(12) x{13) X(is}) X{15) x{30)
0.0 0.0 0.0 0.0 0.0 0.0 0.0
X{100) X191} x{102) Xx(103) X(104) X (105} x(106}
C.0 0.211221 N.0 C.0 0.C 0.0 0.0
X(107) X(1908} X(109) X{110) X111} X(112)
0.0 0.0 0eC 0.0 0.0 0+C

P T RO T SO D e, - L e el 35 € ey
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P Appendix A

L TRAIN DISTRIBUTION

Consider a train of N weapons delivered in a pattern. The ballistic centers
of impact forming the pattern are at points (ai,bi),i-l,Z,...,N. The origin is

selected ~uch that zai-sbi-o. Each weapon is subject independently to & ballistic

) error whose distribution B 1c asgsumed to be of the form

; B(X,1)=B, (X)B(Y),

P

where B)(X) is the distribuvtion of ballistic errors in range (z) and Y,(Y) is the

distribution in deflection (y). Let b;(z) and by(y) be the corresponding densgity

function, 1i.e.,

X
; 31(x>=1” by (x)dz.

i We shall assume that the distributions have mean zero and astandard ceviatioms &

I e ) ARV Tt YO LpAVETTCE i SRS L

and ay, respectively.

i SR e e

The form of the functioas b, and b,, the values of 8, and g , and the pattern
values (a{,bi) must be determined through some testing procedure. If the data

are sufficiently complete (individual data for each weapon in a train), the indi-

A2 B AP E R Ty

vidual distributions B; and B, can be used as required in the methods of Ref. [13].

T

In general, By and By can be arhitrary distributions. For normal train bombing,
the values of a; and bi can be determined from the delivery conditions and inter-

; valometer settings. For the methodology of Sec. 3, it is necessary that B) and B;

T i o o e 4 8

be gaussian in form, so that only 8, and sy are needed. The spaci:iys a, and bi

MU i

are, of course, necessary as further inputs, However, for some of tiie clustec-

é type weapons, the complete data are not available. Although the complete data are

available in other cases; tihe simplification coneidered here is usually sufficient.
Let us assume that the test data in range are only sufficient to estimate the

expected number of weapons landing in a set of range intervals. Specifjcally, for a
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set of X Intervals between the points Xj ,Xl,}«’z,...,XK, we cbtain the corresponding

X

number of veupons Nl,Nz,....It’K. where the total number is .\l\-ti_lh’i. We form the

percentage distribution within intervals

T M
and the gample density
Yy
(Aol) pi--‘o-xa Y i-l,z,....x,
1 1=l

We shall view the p; as an estimate of the probability density function p(z) of a
X

single weapon, where P(X)-I p(x)de is the prubability that an individual weapon

landed s Y. Basically, we are using as an approximate model one in which each

weapcn is randomly drawn from the positions in the train. We therefore assume

that
D(X)"Pis Xi-lsxsxi ’
(A.2)
J
P(Xj)-ivz-lpi' J=1,2,3,...,K.

The first moment X and variance S2o0f the distribution P(X) are given by

- K (x. -x.
anzp (2)dz= ] pi(“til_‘k)’
i
(A.3)
K 2 2\\
8% [0 (a)dem § wd X1 iKi M) 7,
y i=l 3 /)

The above model, in efrect, assumes that each weapon in the pattern is aimed
at the center nf the pattern, For symmetric patterns, the center is estimated as

the mean point X. However, the data are often quite irregular, 30 that some smooth-
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i ing must be done. We have chosen to use the quartiles X 25 and X 75 @8 character-
istics to be used in the fitting process, since their use introduces a type of

smoothing. The center Xc then is defired as the midpoint between the quartiles

X ,ct¥
(A.a) X - 025 l75

f c 2 ’

privryr

For symmetric patterns, XO-Y. Thus X 25 and X 75 are defined by the equations

Ao,

Rerisin

P(X.zs)-.ZS,

Teee F < e AN

e

P(X 55)=.75.

Define & and J by the conditions

P(XI)<.25, p(xm>>.25,
(A.5)

p(x )<e75, P(X,,

)>.75.

Then X 25 and X 5 are given by the equations

5 X =y +(’25'P(‘YI DEre17%7)
: 2574 P(XHJ-P(XI) ’
% (A.6)

75-P(X VWX 0. =X

‘ X .75.XJ+(—P<XJ‘:_§ -P J(;;) ot
é 7

:é where P(Xj) is given in (A.2),

finally, making the change in varieble x-X—Xp to center the coordinate sys-
tem on the pattern center and using (A.4), we obtain the center x, and the quar-

tiles 3.25 and x.75:
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-X

X =X
257,75\ __
 25%% .25"%"("“‘2 "') % 75
L

where X 25 and X 75 are given in (A.6). Thus, we have characterized the data by

three characteristics: xc, S, and x 75°

In this case, we do not have enough information to determine che form of
the ballistic distribution Bj(X) or of the pattern a;. Let us assume that the
form of By(X) is gaussian with variaice a: and thatr the a; are known. Then, for

a delivery of N weapons, the expected number falling short of X is

” .‘L‘-ai N o"ai
.z B\3 -.Z A< )
1=1 x 1=]1 x

and the percentage of weapons erpected to fall short of X is

N -Q .
I ) c(%i)

1=1 x

The function P(x) is an approximation to this function, Q(x). We will make the

assumption that the N weapons are evenly spaced, i.e.,

(A.8) aiI(Zi-N~1)d.

where 2d is the spacing., We have characterized F by tl.ree parameters: xe-O,
variance Sz, and upper quartile x 75° We will determine values for d and g_ under

the restriction that the distributions Q(x) and P(x) have the same variances and

quartiles, Our conditions are thus

2 N
szxs;#-iﬁ-j (2i-N-1)%,
1=]




xS

K3

N X - .
(.9} 1 13 ‘)-.75
N.zlc< °x ’

Since z 25 = "% 759 the latter two are equivalent. Subtracting and combining, we

obtain the equivalent condition

e

vhere f(x,y) is defined ae

FGeyy)=G(aty)~Glx-y),
and thus f(-x,y) = f(x,y). In summary, our conditions are

N
'2- dz A | . 2
8 “W'me N-1)%,

N

4 .15
LA
=] x x

x =0,
¢

(A.11)

ey

i.e., d and €, are determined from these conditions.
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Appendix B

STICK DISTRIBUTION

There are occasions when the ballistic dispersion of a cluster of weapons
may be approximated by what will be called the "stick distribution,” Consider the
problem of throwing a stick at a line perpendicular to the stick in an attempi: to
cover the line, Assume a stick of length 2L, with the center aimed at the point
0., Assume thyt the error in throwing the stick ie governed by a gaussian distri-
bution with variance 2, The probability of covering the offset point x is given

by

o+l
Prob(point at z= covered)-J g .3 .
o

vhere g(z)= exp(-z2/2)//2Z1. Define the function h(z,L) as
1 &L
(8.1) hiz, D=z gdg.
x~L

The function h(x,[) can be viewed as a probability density function, since

w0

(8.2) \‘ h(z,L)dze1.

+

We will call the distribution function H(x,L) the stick distribution, i.e.,

(8.3) H(X,L)-rx h(y,L)dy-Ix —}L-Iwzg(z)dzdy.
B —t e

More génerally, we have

5wl D] At D

'The firat moment of H(X/e,L/s) is

(B.5) I yh(‘i é)4&‘«0,
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and the variance is
"2 B\ 02,52
(B.6) ]'_:, H{E 2 Ama2e,

Note that we can expresz & in terms of G and g, Using Lemma 3 of App, D and (B.3),

we obtain

X
(8.7) BOLDy=[ FEGAT)-0G-0)]dy

1

=57 [(XHD) GO D) - (=) G(X-L)+g (X+Li-g (X-L)).

The stick distribuiion above is often a good approximation to the train dig-
tribution P(x) discussed in the preceding section. As in App. A, assume P(z) to
be characterized by the three parameters xa-o, vaviance 52, and upper quartile
Z 959 (2.25'”3.75)' Requiring that P and its approximation H have the same center

coordinate, variances, and quartiles, we obtain the conditions
2

L5 L

(B.8) H(—;-,;)-JS,

where S and & ., are given in (A.3) and (A.7). Subtracting the last two equations

in (B.8) and using the relation x 25™% 75 Ve obtain an alternate condition

X X
.75 L) ( .75 g)_
A2 E) a2 ) s,

Thus, we may express the conditions (B.8) as




~136-

p
%
k.
A
b
i
3
s

where the function F(x,y,L) is defined as in (4.12) as

F(x’y )L)'H(W oL)‘H(x‘y L) .
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Appendix C

THE ELLIPTIC COVERAGE FUNCTION

The elliptic coverage function P(R),Rz;a,b) is defined as the integral of a
circular gaussian distribution of unit variance over the are2 enclosed by an off-

set ellipse with center at (a,b) and axes Ry,R; in the £ and y directions. Thus,

we have

(.} P(Rl,Rzza,b)EJ‘ g(x)g{y)dzdy,
A

where

(2= (4=D?
: Al'(Rl )+(Rz ) sl
and

() exg(-x2/21‘

Y2n

Making the change of variable g-xax, n-ycy, we obtain

BB g p €\ _/n \dEdn.
(C.2) 5T Ve e "”y(o g(‘a— !
xy x* Yy x y xy
1
i.e., an equivalent definition is the integral of a bivariate gaussian over an

offset ellipse. Similarly, we obtain

‘R R a b) £\, (0 \d&dn
(C.3) p&- 2.2 L), g(.a_ g(._.) ,
(ax o, o, o ££ ox) 0,/9:9,
where
Az (x-a)2+(y~b)2sR2,

Another definition is the integral of a bivariate gaussian over an offset circle.
Using (C.1), if Ry=R,=R the elliptic coverage function becomes the circular cover-

age function P(R,r), i.e.,
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« P(R, Ry, b)=P(R, /aZeb2).

rom Ref, 1, alternate expressions for P(R,r) are

R 2
(C.4) P(R,r)ﬁro ex (‘(§2+“ )) ro(ar)ds
- 2
.RJ Sl‘-&(—-(—gi&z‘—l)—Il(Rz)dz,
r

where Ig(3) and I'1(2) are Bessel functions of the first kind of imaginary argument.
If a=b=0, the elliptic coverage function iz expressible in terms of the cir-

cular coverage function (Ref. 7). Thus, from Ref, 2, if Ry>R;, we have

1+R2 R,-Rz) (Fl-az R1+R2)
2 ' 2 2 * 2 /J

R
{C.5) P(R],Rz;o,O)‘P(

For a*b, Ry%R,, the elliptic coverage function has been evaluated by various
computational schemes., Included here is a computational scheme well adapted for
high-speed computers based on an unpublished paper by Oliver (Gross at Rand. Using

the definition in (C.1) and converting to polar coordinates, we obtain

) -2
(C.6) PRy Rysa,b)=| fpeBie?) dode,
A
wh :re
(o_cos6-a\ (p s8in6-b)2
©.n 43-( 2 )+( 7 )sl.

Consider first the case where the origin i{s inside the ellipse in (C.7). Then,

we obtain
21,7r(0) 2
(c.8) P(Rl,kz;a,b)={0 Io 0552541—1dode

2 t
i '[l_gxg(-r2<o)) do,
nJo 2

S sk i i i S S
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where r(8) is the radial distance at angle 6 to the ellipsc %) obtained from

(C.7) as

[1(8)_cos9-a 14 [r(8) sin6-b 72
(c.9) E‘l.[ 7 ]+ e 1=,
i'e|’
(c.10) P(Rl.Rz;a.b)-%—I [1-e2lr(®) Cr2(@)) g5,
n o 2

vhere the integration is around the boundary of the ellipse E; given by (C.10).

If the origin is not inside the ellipse in (C.7), P(Ry.Ry;a,b) is given by

9, 17(8) 2 8, ry(8) 2
(c.11) PRy Rpsanbye| pexplp7). g%@__j [ o exp (*%)"L*dode.
1% T 81’y o

where 6; and 6, are the angular extremities of the offset ellipse, r,(8) is the
larger radial distance to the ellipse at angle 0, and r;(6) is the smailer radial

distance, as shown in the diagram below,

|
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Thus, when we integrate, we obtain

8, r2(8) 62 r2(0)
(C.12) P(Ry,Rs;a,b)= [l- ex ( ):Ide [l— (— ! -).ld_@,
2 0 P\ 2 Jei P\ 7n

where ry(8) is the radial distance to the ellipse Ej of (C.9) on the fur side from

8) to 92, and ry(C) is the radial distance to E) on the rear side from 6y to 03.

Thus, we have

62 r2(6) 8 r2(8)
(C.13) P(Rl,Rz;a,b)={ l:l- exp(— 22 )]521—?;+I ll:l- exp(— 12 )]-g-g—

8

& [ el

where as in (C.10), the integration is around the boundaries of the ellipse Elin

(C.10). Thus, (C.10) holds for both cases. Let us make the transformation on 8:

r cosé=f, cosyta,

(c.14)
r sindé=R, sineth,
so that
r?=(Ry cospta)?+(Ry sing+b)?,
Ry singtdb
(C.15) tan9=m,

RyRy+ail; cos@tbRy sing

.

de=
p2

Under this transformation, the offset ellipse E, changes into the unit circle

with ceater at the origin. Thus, in (C.10) ¢ goes from O to 2r, so

(C.16) p(z:,,;ez;a,b)=-21-Jf I e"l’.." 212) (R, RyvaR, cosorbR) sing)de,
P




-141-

where r is given in (C.15). Thus, the problem of evaluating P(Ry,Rp;a,b) has
beer reduced to a simple guadrature over the interval (0,27n).

Using a trapezoidal type of numerical integration with ¥ intervals over the
range (0,2n), i.e., intervals of length 2n/N and the midpoint of the first inter-

val at ¢, we obtain

fq : .
(c.17) P(RY,R23a,b)=5 | Y)rzl—cp()%z"(‘;, 1’]$w[¢0+2"(-]y 1)],
g=1 U &
where
r? (@)=(R) cospta)2+(Ry singtb)?2,

Lo exp(tp/2) f,’ I2) ¢ p2.001,
(¢.18) Y(p)=

Lrr? e pe.001

278748 p<.001,

W(p)=R Ro+all, cos@tbRy sing.

The series approximation for Y(p) for p<.00l1 avoids roundcff errors for p small.
The accuracy is, of course, a [unction of the number of steps ¥. For the ratio
of Ry/R; reasonable, i.e., between 2 and 4, a value of N=80 seems to be sufficient.

For extreme cases, i.e., a vatio of 1000 to 1, ¥ must be taken much larger.
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Appendix D

USEFUL EXPRESSIONS

We will be using severz: relaticns involving the gaussian or normal distribu-

tion G(X) and its density function g(X)=G'(X), i.e.,

X X 2
(D.1) G(X)'f g(y)dy'j S.’SP_ZL}L_). dy_
e e i
(D.2) g(y)s.‘?.’.‘.P.(:.y..z_/.g.)_.
Vzn

For completeness, we include these relations as lemmas, together with short
decivations.

Lzma 1. Let A, 8, and t be reai, 8>0,t>0. Then,

e R ()
*° I voTy
(D.4) Iz'j‘_wg(%i)g(%)f—f-“(%w .

Proof. Using (D.l), (D.2), and a change in variable, we ubtain

ref f en{ it

Changing the order of Integration, expanding, and integrating, we obtain

A 2\
Iy exp{~ Y .( )
: ]‘-" ( 2(e-+t2)} /(Zﬂ)(s~+t2) /52+t2

$imilarly, we have

Iijm exp ‘_r(&“*'A)z &’2-“ dz _exp(-4A2/2(a82+t2)) (A/ /32"'{2\
- 2[_ 82 tz_J}Znat m aZreD) ,"——"2+¢2)
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We note that (D.4) can be expressed in a slightly different form:

A 8 42
exp(-~357 (z, t) 3 exp~| ——=—1,
J‘_oc ( )g  e%t? (2(a?~+t2))

Lemma 2. Let A, B, and 8 be real, A2B and 8>0, Then,

(D.5) I;,--J'm°° [G(”;‘) o(22 )] daeA=B.

Proof. Using (D.1) and (D.2) ip the expreassion for Iy, and making a change

in var’able, we obtain

* 2
Iye[ [ enpf-(E0) e
~wig \ 242 /278

Changing the order of integration, we have

A
I3=| dy=A-B.
B

Lemma 3. Let A, B, a, b, and t be real, A2B, a2b, t>0, Then,

4
(D.6) j_'c(z)dmc(.q)mw ,
(.7 1, -J[‘: [c(f-:‘#-)-a(-’%ﬁ)]dz

wrelpome(2)

- U A2)- Braro(2E2)

. o3 o()-o )]
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Proof. Integrating by parts, we obtain (D.6) immediately:

A
J G(x)dx=AG(A) 1g (A).

Using (D.6), we obtain

(D.8) ‘{’A a(?-*;-‘-’-) dar= (Am)a("—:‘i-) +tg(A+a) .

We may express I, in the form

A

(p.9) I,,-_[i [a(f*;g)dx-J _,,G(%ﬁ)] duji [G(f-*t—é)drj'ic(—”:-‘-’-)] dz

and using (D.8) in each of the four futegrals in (D.9), we obtain (D.7).

Lemm 4. Let A, L, and t be real and positive. Then,

(D.10) 15-_[: [0(5*-4) G(r;l:)]dz

walan(l oaae o o))

Proof. In (D.7) of Lemma 3, let A=4, B=-A, a=L, b=-L. Then (D.10) follows,
since g(x)=g(-x;.
Lemma &, Let u md a; be real and 8; and t be real and poeitive for n=1,2,

vessN.  Then,

® n (u-a,-x)? 2
(D.11) IG-I expl- Z-———-’-’-——-— expl--X- dz
- i=1 2.3 2t2 /7nt,
(u«a}z
exp ex
/ +t2 é 232> p(2(«-%2)
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g where

5

.

~ ! n

: 1

| et i

; 8¢ 1=) 81:

n a,

; 1

% G Ny

| — a?

) a2=g2 | %
i=) g2

Proof., When we use the definitions of &, &, and ;.2- above, the first expo-

nential under the integral in the definition of I becomes

=20 (U= P2 = 21T a2 (-3 12 2.2
exp( &%= 200 (u-@) tu?-2ud+a >' exp( [~ (u :a:z]‘) exp(_a a )
' 282 282 292

Thus, Ig becomes

G YW, XS SR o St e Sy K R AN S AT T

22-7\ ™ -=)12 2 4
(D.12) Tg= exp(-a 4 )I exp(—Lz'—.-(-g-‘-@-l-) exp(—-—a-"- ax )
282 /% -= 282 2t2 Ve

Using Lemma 1, we obtain

a%a’ u-?
(D.13) Ig= g exp(a & exp( U )
va2+t2 262 / 2(a2+t2)

Lemma 6. Let n(x,L)=[G(x+L)-G(x-1)1/2L, Then if t and 8 are real and posi-

Y tive,
7 R(E LY, (som)da_y (uit L/t
I j_mh(t’t)g( 8 /st h( t’ )’
where

IR
t =va2+t2,
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Proof. .

o (x+L)/t

Ipgp| oty (E)ddz,

~w9(x-L)/t

Making appropriate changes in variables and inverting the order of integration,

we obtain

L o\ gpot
b | ey

Using Lemma 1, we have

L
. utny _dn h(u/t’,L/t')
1= o(“F) 35 CO




ey

STRRA A e e T A7

N

EEEICA Y QoW - e marorpryvary

ERCoEH eIy

S.

-147-
REFERENCES

Snow, Roger, FAST-VAL: A Theoretical Apprcach to Some General Target Coverage
Problems, The Rand Corporation, RM-4566-PR, March 1966 (For Official Use
Only),

darris, K., R. N. Snow, and J. R. Lind, FAST-VAL: Target Coverage Model,
The Rand Corporation, RM-4567-PR, March 1966 (For Official Use Only).

Snow, Roger, A Simplified Target Coverage Model, The Rand Corporation.
/M-5152~-PR, November 1567 (For Official Use Only),

Gates, Leslie, Jr., "Comparison of Two Target Analysis Systems," Armed Forces
Special Weapons Project, Technical Analysis Report AFSWP No. 506, Washington,
p0.C,, August 1954,

Groves, Arthur D., "A Method for Hand Computing the Expected Fractional Kilil
of an Area Target with a Salvo of Area Kill Weapons," Ballistic Research
Laboritories Memorandum, Report No. 1544, Aberdeen, Marvland, January 1964.

Germond, H. H., The Circular Coverage Function, The Rand Corporation, RM-330,
January 26, 1950,

Snow, Roger, Some Characteristice of the Ellipiic Caussian Distribution, The
Rand Corporation, RM-2765-FPR, September 1961,




